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Objective 
 

 

1. To study the nature of transformations in cast iron under cooling.  
 

2. To study the microstructure and mechanical properties of cast iron.  
 
 
 

Task 
 
 
 

1. Build a cooling curve for white cast iron having carbon concentration as 

provided by supervisor.  

2. Investigate thin sections of white, gray, malleable and nodular cast irons 

using microscope. Sketch the microstructure in investigated cast irons. 

 

 

Basic information 
 
 

 Depending  on the number and shape of the formed carbon (which 

depends on the cooling rate, impurity concentration and post-treatment) irons are 

divided into white cast iron, gray, malleable and nodular cast irons. 

 

 

White cast irons 
 
 

 

The iron is called white cast iron when at normal temperature practically all 

carbon * is bound in the form of cementite. When broken this cast iron shows white 

color. 

The primary crystallization in white irons starts at the BCD line. According to 

the phase diagram there are hypoeutectic (C <4.32%), eutectic (C = 4.32%) and 

hypereutectic (C > 4.32%) white irons distinguished. Below BC line the liquid melt 

of hypoeutectic cast irons provide for austenite crystals forming; hypereutectic cast 
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irons form the primary cementite crystals during primary crystallization. 

When the temperature is decreasing in hypoeutectic cast irons the amount of 

formed austenite increases; the concentration of cementite is growing in hypereutectic 

iron under similar conditions. Because of this the carbon concentration in the liquid 

phase of hypoeutectic cast iron increases whereas the carbon concentration in 

hypereutectic irons decreases. 

The carbon concentration in the liquid phase of iron becomes equal to 4.32% 

on line ECF (temperature 1147°C). At this temperature the liquid phase 

simultaneously generates austenite and cementite crystals as the eutectic 

transformation occurs. 

 

L4.3 % С → А2,14 % С + Cem 6.67 % С. 
 
 

 

The structure of the mechanical mixture of austenite and cementite containing 

4.32% C is called ledeburite (L). 

Thus, at the time when the primary crystallization is finished the structure of 

hypoeutectic cast irons will be A + L, in eutectic irons this will be L and in 

hypereutectic - C 1 + L. 

In its mechanism the secondary crystallization in cast irons on PSK line is 

similar to the secondary crystallization in steel; it is revealing decomposition of 

austenite into ferrite-cementite mixture. 

 

 

 

 

 

 

 

 

 

______________________ 
 

* A small amount (about 0.02%) of carbon stays in ferrite which is one of the 
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phases in the structure of white iron. 
 
 
 

Therefore, the structure of hypoeutectic cast irons under PSK line (727°C) will 

be as follows: Ltr + P + C, in eutectic irons it will be Ltr and in hypereutectic - Ltr + 

C1. In contrast to ledeburite transformed ledeburite (Ltr) consists of a mixture of 

perlite and cementite which also contains 4.32% C. The secondary cementite released 

from austenite grains during cooling the alloy from 1147
o
C to 727oС usually mixes 

with ledeburite cementite. 

White cast iron structure is rich with cementite; it is a very hard and brittle 

alloy, so it is not directly used as a structural material. This iron is used in metallurgy 

for conversion into steel and - in small amounts - for obtaining ductile iron. 

 

 

Grey cast iron 
 

 

Cast iron containing almost all carbon and the major part of carbon being in the 

form of graphite is called gray cast iron; it has the form of thin platelets (flakes); in 

bound state (in the form of cementite) the carbon concentration does not exceed 

0.8%. 

Due to the large amount of graphite in the volume broken cast iron is gray. 

Usually the carbon concentration in gray irons ranges from 2.9 to 3.7%.  

Depending on the structure of the metal base there are the following types of 

iron distinguished: 

- ferritic cast iron having bound carbon (ferrite) in amount of 0.02%, and the 

rest - in the form of graphite;  

- ferrite-pearlite iron where bound carbon (ferrite and cementite) amounts to 

0.8%, the rest forming graphite;  

- pearlitic iron where bound carbon is about 0.8% (in ferrite - cementite), and 

the rest is presented by graphite. 
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The structure of the metal base and amount, size and shape of graphite in gray 

cast iron depend on chemical composition and process used to make castings. The 

most important is concentration of carbon, silicon, manganese and the cooling rate of 

castings. 

 

Grey cast iron is inexpensive and easy to get material; it is a typical cast alloy; 

it is widely used in mechanical engineering to make die cast parts. It possesses very 

good casting properties (low shrinkage, good fluidity, relatively low melting point), it 

can be easily processed using cutting tools. 

The mechanical properties of cast iron depend on the structure of the metal 

base and to a great extent they are determined by amount, shape and size of graphite 

inclusions. 

Due to the low mechanical strength of graphite the pellet shape of its inclusions 

is not desirable in the gray cast iron. Even at low tensile stresses the plates having 

sharp edges show substantial local stress concentrations, and due to pronounced bulk 

stress state the potential of plastic deformation of the metal will be virtually lost. 

Therefore, the percentage of elongation and impact hardness of the gray iron is 

close to zero (see Table). 

 

 

Ductile iron 
 
 

 

Cast iron having flaky graphite inclusions is known in practice as ductile iron. 

The name "ductile iron" is arbitrary as blanks are made from the material (similar to 

other types of cast iron) not through forging but through casting. At the same time 

this type of iron has better (if compared to gray cast iron) plastic properties. 

 

A schematic diagram to make parts of ductile iron consists of two operations. 

First, casting is used to make parts of white hypoeutectic cast iron (2.5 - 3.3% C) 
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having structure composed of  ledeburite and perlite. Then, the cast parts are 

annealed, in which cementite resulting in cementite composing ledeburite and perlite 

decomposition into ferrite and graphite (annealing carbon). 

Depending on degree of decomposition of cementite (which depends on 

annealing conditions) the structure of the metal base in ductile iron can be as follows: 
 

- Ferrite - under complete decomposition of cementite forming perlite and 

ledeburite,  
 

- Ferrite + perlite or perlite - under partial decomposition of cementite forming 

only ledeburite. 
 

Flaky form of graphite is the main reason explaining better strength and 

ductility properties of ductile iron relative to gray cast iron (see Table) due to a less 

pronounced bulk stress state near the stress concentrator - a space occupied by 

graphite. 

Despite good mechanical properties of cast iron its application is limited due to 

the casting wall thickness which does not exceed 50 mm. 

 

 

Nodular cast (modified) iron 
 
 
 

Cast iron having spheric graphite is called nodular cast iron. 

The modification operation consists of the following: before casting into the 

molds small additives are introduced into the ladle; these additives are called 

modifiers which have a strong influence on the crystallization process. Ferrosilicon 

and aluminum are used to modify cast iron but the best modifier is magnesium; its 

addition (about 0.5%) to the molten iron generates graphite taking a spherical shape. 

Spherical inclusions shape do not cause significant unevenness in stress 

distribution, therefore there is no sharp reduction in ductility as produced by lamellar 

inclusions having sharp edges. 

The structure of the metal base of modified nodular cast iron can be as follows: 



7 

 

- ferrite;  

- ferrite + pearlite;  

- pearlite.  

In modified iron using magnesium and having a ferritic base the strength limit 

and the temporary tensile strength can exceed 400 MPa and percentage elongation - 

about 15%. In pearlite ductile iron the ultimate tensile strength is greater than 600 

MPa and percentage elongation is about 3% (see Table). 

 

Table 1 - Mechanical properties of cast iron 

Property 

Grey cast 

iron x Ductile iron 

Nodular cast 

iron  

mechanica

l (with plate (flaky 

(with spheroidal 

graphite) 

properties graphit)  graphit)  GOST 7293-85  

 GOST 1412-85 GOST 1215-79    

 Ferrite- Pearlite Ferrite  Pearlite Ferrite Ferrite Pearlite 

                

 SCH15 SCH350 KCH35  KCH40 VCH35 VCH40 VCH60 

Minimum         

temporary 150 350 350  400 350 400 600 

resistance         

to tensile         

MPa         

Relative   10  3 22 15 3 

elongation, %         

Hardness 
according to 210 275 149  201 140-170 140-202 192-277 

Brinell, HB         

x When the casting wall thickness is 15 mm.   
 

Magnesium nodular cast iron can be used to obtain castings of any size as the 

shape and distribution of graphite does not depend on the cooling rate of castings. 

 

 

The order of developing the report 
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The report should provide for the following: 

 

1. The purpose of the task and assignment to implement it. 

2. The cooling curve plotted for white iron under given concentration of carbon.  

3. Sketches of microstructures in hypoeutectic, eutectic and hypereutectic white cast 

iron, in gray, ductile and nodular cast iron having different structure of the metal 

base. To conduct analysis of the studied microstructures. 
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