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Abstract:  
In this research work are presented results and procedure for investigations different types of castings in order to check their properties 
according to appropriate standards, to identify type of unknown casting, to detect and analyze different type of defects in castings and to 
perform failure analyze in order to determine the reasons for fracture. Presented investigations are basic research activities which are 
performed almost in all research laboratories for investigations of castings.  
They mainly consist of identification of visual inspection, investigation of chemical composition, investigation of mechanical properties and 
microstructural identification. Completing of the results from performed investigations and their analysis required information about 
investigated casting can be obtained.   
In this research work are given result of investigations of three castings GJS- 450-10 cast iron, malleable cast iron and Hadfield steel 
casting. 
KEYWORDS: NODULAR IRON, HADFIELD STEEL, TEMPER IRON, MICROUSTRUCTURE, MECHANICAL PROPERTIES, 
CHEMICAL COMPOSITION. 
1. Introduction  
Foundries produce ferrous and non-ferrous metal castings. Ferrous 
castings comprise iron and steel, while non-ferrous castings 
primarily include aluminum, copper, zinc, lead, tin, nickel, 
magnesium, and titanium. Castings are produced by melting, 
pouring, and casting the ferrous and non-ferrous metals. Many 
foundries cast both materials. Many different casting techniques are 
available. All involve the construction of a container (mold) into 
which molten metal is poured [1,2].  
Two basic casting process subgroups are based on expendable and 
non-expendable mold casting. 
 - Expendable mold casting, typical to ferrous foundries although 
also used in non-ferrous casting, uses lost molds (e.g. sand 
molding).  
- Non-expendable mold casting, adopted mainly in non-ferrous 
foundries, uses permanent molds (e.g. die-casting). Lost molds are 
separated from the casting and destroyed during the shakeout phase,  
while permanent molds are reused. A variety of techniques are used  
within these two mold casting processes depending on the melting, 
molding and core-making systems, the casting system, and finishing  
techniques applied [3].  
A typical foundry process includes the following major activities:  
melting and metal treatment in the melting shop; preparation of 
molds and cores in the molding shop; casting of molten metal into 
the mold, cooling for solidification, and removing the casting from 
the mold in the casting shop; and finishing of raw casting in the 
finishing shop.  
Different types of melting furnaces and metal treatments are used to  
produce ferrous and non-ferrous materials depending on the type of 
metal involved [4,5].  
Cast iron is typically melted in cupola furnaces, induction furnaces 
(IF), electric arc furnaces (EAF), or rotary furnaces. Cast steel is 
typically melted in electric arc furnaces or coreless induction 
furnaces. Cast steel metal treatment consists of refining (e.g. 
removal of carbon, silicon, sulfur and or phosphorous) and 
deoxidization [6]. 
Casting parts are implemented in the different industrial sectors as 
individual units or as a part of more complex structures or 
machines. So failure of casting in the exploitation conditions can 
cause huge material and financial damages. It means that quality of 
the casting must beat must be at very high level. Because of that 
many investigation has to be performed after production of casting. 
In this research work main idea was to present investigation of 
different casting to check their microstructural and mechanical 
properties or to perform failure analysis of fractured casting.  

 
• 2. Material and investigation 
• 2.1 Investigation of casting (sleeve) produced of GJS- 450-10 cast 

iron 
These investigations were performed as an expertise on the request 
of the Court. Subject of investigation were sleeve and the wheel of 
Reno Cangoo broken during the car accident (figure 1). Performed 
investigation should answer the question what was the reason for 
fracture. Was the reason existing of previously formed crack in the 
sleeve which propagated during the accident, or the reason is 
intensity of stroke during the accident. 
After delivering the broken part the team of Faculty of Technology 
and Metallurgy decided to perform the following investigations:  
• Visual inspection of the broken surface  
• Determination of chemical composition of the sleeve,  
• Tensile test,  
• Hardness measurement, 
• Metallographic investigations. 
 
Visual inspection 
Visual inspection was performed after cleaning the fractured surface 
in the solution of hydrochloric acid and water because the surface 
was corroded. Inspection was performed by necked eye and by 
magnifying lens. Detailed inspection didn’t discover existing of the 
crack in the casting which starts to propagate in the moment of 
accident. 
 

  
a                                                       b 

Figure 1(a and b ) Broken sleeve and wheel 
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Investigation of chemical composition 
For determination of chemical composition of the investigated part 
was used spectrometer type SPECTRO. Results of investigations 
are given in the table 1. 
 

Table 1 Chemical composition of the sleeve 
Element C Si Mn P S 

% 2.95 3.05 0.23 0.017 0.005 
  
According results from analysis of chemical composition was 
concluded that investigated part is cast iron (carbon 2.95% and Si  
3.05%) 
 
Tensile testing 
From the broken sleeve was prepared specimen for tensile testing 
Results from investigations are given in the figure 2. Obtained 
results showed that ultimate tensile strength is Rm = 466 Mpa, 
while elongation is A = 13%. Mechanical properties confirmed that 
sleeve is produced from GJS- 450-10 cast iron [7]. 

 
Figure 2 Stress-strain diagram of investigated part (sleeve) 

 
Hardness measurement 
Hardness measurement was performed on metallographic 
specimens figure HRB method was performed. Results of hardness 
measurement are given in the table 2. Measuring positions can be 
seen in the figure 3. It can be concluded that there is almost no 
difference in measured values. Obtained values correspond with the 
prescribed values (160-210 HRB) for this type of iron.  

 
Figure 3 Specimen for metallographic testing and hardness 

measurement 
 

Table 2 Hardness values (HRB) of the investigated part 
А B 

173 174 
176 173 
174 173 
171 174 
171 174 

 
Metallographic investigations 
For metallographic investigation was prepared surface directly 
beneath Brocken surface. The idea is to detect if there is some 
casting defects in material. Standard metallographic preparation was 
performed, grinding and polishing after that. Polished specimens 
were analyzed using magnification of x100. The main idea was to 
detect type of graphite.  As can be seen from the figure 4  graphite 

is in the form of nodules, pretty small and uniformly distributed in 
the matrix.  

  
Figure 4 Graphite nodules, polished specimen, x100 

 
The next step in the metallographic investigations was to etch the 
specimen with Nital and to reveal microstructure of the part. The 
picture of microstructure is presented in the figure 5. As can be seen 
from the figure 5, microstructure is fully ferritic. 
 

  
Figure 5 Microstructure of investigated specimen, fully ferritic 

 
During visual inspection was not detected existing of formerly 
formed crack. From another point of view performed investigations 
confirmed that quality of the sleeve is very good. So the question is 
why sleeve fractured? 
If we take a look at figure 5, the cross section of the sleeve at the 
place of fracture is not round at should be, but deformed. It 
indicates that fracture appeared as result of strong stroke during the 
car accident. Selection of this type of material is made by design 
engineers in the company. Performed investigation was confirmed 
by the literature dates too [8]. 

 
Figure 6 Deformed cross section of the broken sleeve 

 
2.2 Investigation specimen from malleable cast iron 
From metal processing company was delivered metal part with 
unknown chemical composition in order to be determined its 
composition and mechanical properties. The idea on the engineers n 
the company was to replace original parts with the new producer 
because original parts was very expensive To answer the this 
questions we perform the following investigations: 
Determinations of chemical composition, hardness measurement 
and metallographic investigations 
 
Determination of chemical composition  
Chemical composition was performed on spectrometer type 
SPECTRO. Obtained results are presented in the table 3.  
From the results of chemical composition could be concluded that 
concentration of carbon and sulphur is pretty high. Because of that 
checking of the content of these elements was made additionally on 
the LECO device and the same values were got. It was concluded 
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too that this is high alloyed cast iron because content of nickel is 
10.48% 

Table 3 Chemical composition of investigated part   
(hollow cylinder) 

Element  % 
C 5.0 
Si 0.201 

Mn 0.09 
Ni 10.48 
P 0.018 
Cr 0.024 
Cu 3.84 
Mo 0.53 
Ti 0.017 

 
Hardness measurement 
Hardness measurement was performed according to Brinell  method 
(HRB) using hardness tester type “Аvery”. Measurement was done 
on the vertical cross section of the metallographic specimen. 
Obtained results from the hardness measurement are given in the 
table 4. It is obvious that hardness values are very low because of 
very long heat treatment. 
 

Table 4 Measured hardness values according to Brinell method 
Measuring points 1 2 3 4 5 
Hardness (HRB) 70 72 75 73 71 

 
Metallographic investigations 
Metallographic investigations were performed on optical 
microscope type “MEIJI TECHNO”. Standard procedure for 
preparation of specimens was performed. It means that after 
grinding and polishing of the specimen with suspension of Al2O3, 
etching with Nital was made. Prepared specimens were first 
investigated in polished condition at magnification of x100 to 
determine form of graphite (figure 7). As can be seen from the 
figure the free graphite is in the form of rosette. This form of 
graphite indicates that specimen is produced by malleable cast iron. 
Low values of hardness 70-75 HRB confirm this statement []. 
Microstructure of investigated part was revealed by etching of 
specimen with Nital. As can be seen from the figure 8, 
microstructure is typical ferritic. It is concluded too that in the 
microstructure, near to graphic rosettes are detected carbides in the 
form of needles [9,10].  
 

  
Figure 7 The form of graphite in the investigated specimen – 

polished specimen, x100 
 

  
Figure 8 Microstructure of investigated specimen – etched surface, 

3% Nital 

Malleable cast iron is generally obtained from the white iron in 
which carbon is in the form of cementite During heat treatment 
cementite transforms in the form of graphite rosettes low values of 
hardness confirm that. Heat treating evolves in two phases. The first 
phase evolves at 900-1000 0C, while the second phase evolves at the 
temperature of 600-700 0C. Totally this process last more the 100 
hours. Fractured surface of tempered iron could be white or dark. 
We found that fractured surface in our case is dark. 
So, from the performed investigation was concluded that hollow 
section is produced from malleable cast iron with ferritic 
microstructure. Type of fractured surface is dark. High percent of 
nickel indicate that this is high alloyed iron. Low hardness values 
are result of performed heat treatment. Very high percent of carbon 
indicate that this is special type of temper iron.  
 
2.3 Examination tooth of excavator 
Tooth from excavator showed in figure 9a was delivered for 
investigation. Through performed investigation should be answered 
two questions: 

• - What is chemical composition of the tooth and 
• - What is the reason for breaking piece of the tooth? 

The tooth was cut in few segments in order to perform necessary 
investigation 
 

 
a 

 
b 

Figure 9 (a and b) Investigated excavator tooth 
a. View  of the tooth 

b. Segments of tooth prepared cut for investigation 
 
Determination of chemical composition 
Results of performed chemical analysis are given in the table 5. 
Chemical analysis has to confirm if the composition of material 
fulfill requirement of EN 10349:2010. Comparing of obtained 
results in Table 5 and chemical composition given in the table 6 was 
concluded chemical composition correspond to G-x120Mn12 steel 
i.e. Hadfield steel with material number 1.3401. Some 
characteristics of investigated steel are given in the table 7. 
 

Table 5 Chemical composition of investigated excavator tooth 
Element % 

C 1.38 
Si 0.68 

Mn 12.76 
Cr 0.36 
Ni 0.13 
Mo 0.014 
S 0.012 
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Table 6 Chemical composition of G-x120Mn12 steel according EN 
10349:2010 

Element % 
min max 

C 1.1 1.3 
Si 0.3 0.5 

Mn 12 13 
P  0.1 
S  0.04 
Cr   

 
Table 7 Some characteristics of investigated material  
  
Material number 1.3401 
Group  Structural steel 
Subgroup Steel with high percentage of Mn 
Application Parts for crushers 

 

Microstructural analysis 
For microstructural analysis of the investigated part metallographic 
specimens were prepared (figure 10). Typical microstructure is 
presented in the figure 11(a-c). It is obvious that microstructure is 
fully austenitic. On the austenitic grain boundaries are detected 
precipitated carbides. Detected carbides are spheroidal or elongated. 
Some spheroidal carbides are detected inside the austenitic grains, 
and they are coarser compared with the spheroidal carbides on the 
grain boundaries. Dominant carbides are elongated. Presence of 
carbide in the Hadfield steel was always noticed if the carbon 
concentration is over 1%, and carbides formation is more intensive 
if carbide forming elements are present. 

   
Figure 10 Prepared specimens for metallographic investigations 

 
In some cases, mainly for homogenization and hardening, Hadfield 
steel is heated to the temperature of 1050 °C, keeping at this 
temperature for few hours and fast cooling in water after that. At 
this temperature solution of carbides in matrix happens. And fast 
cooling suppresses their appearing again. 
 

 
a 

  
b                                                        c 

Figure 11 Microstructure of investigate excavator tooth 
 

Hardness measurement  
Hardness measurement (figure 12) was performed at different 
specimens (pieces) of investigate material. It was concluded that 
hardness values are in the range of 120 to 150 HB which are pretty 
low values. Probably such low hardness values are obtained because 
heat treatment of this steel was not done. According standard 
hardness should be 200 HB at least. It is characteristic for Hadfield 
steel that its hardness increase during exploitation conditions (work 
hardening) to 250 HB and in extremely conditions to 500HB. 

 
Figure 12 Measuring of hardness on the metallographic specimen 

 
Visual inspection  
Visual inspection of the tooth showed there is uncork part (figure 
13a), at the back side of the tooth. At the fractured surfaces were 
noticed: segregation, pores and cracks (figure 13 b). It indicated that 
improper casting technology was performed.  

  
a                                                 b 

Figure 13 Fractured surface from back side on the tooth 
 

From the performed investigation of excavator tooth the following 
information’s were obtained: 
Excavator tooth was cast from the Hatfield steel. Its microstructure 
is fully austenitic inside the grains and on grain boundaries were 
detected carbides (spherical or elongated). Presence of carbides 
indicates that investigated part was not heat treated. 
Increased concentration of carbides on the grain boundary or 
segregation mainly as results of presence of phosphorus increase 
brittleness of Hadfield steel [11]. 
Slow cooling between 400-800 °C is the reason for another type of 
brittles of the steel i.e. sensitation.  As the most often founding 
defects in the Hatfield steel besides segregations are macro and 
micro pores [12].  
 
3. Discussion 
In this research work was presented procedure for investigation of 
different type of castings in order to determine their microstructural 
or mechanical properties, or to discover what was the reason for 
their failure in the exploitation conditions. Visual inspection, 
determination of chemical composition, tensile testing, hardness 
measurement and microstructural investigations are basic methods 
of investigation. To confirm some considerations nondestructive 
testing methods have to be performed too.   
 
4. Conclusion 
Results presented in this paper clearly showed that performed 
investigation could be always performed as basic investigations for 
identification of their properties or for performing failure analyze of 
damaged parts in exploratory conditions of different type of 
castings after their exploitation  
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