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motor. Then the sample was frozen (immediately taken off the 
cooler). This is described in more detail in [12,13]. 

The research of directional solidification were performed in 
the Department of Casting at the AGH University of Science and 
Technology in Cracow.  

 
 

3. Formation of ledeburite matrix  
 

Ledeburite, which is the regular eutectic, nucleates in the form 
of a colony. The initial phase of eutectic solidification is 
cementite. In the middle of each ledeburite colony the base 
lamella of initial cementite is located (Fig. 1). The establishment 
of connection between the first crystals and eutectic colonies 
appears to be difficult if the last ones are of fine structure [14].  
 

 
Fig. 1. The morphology of base lamella of initial cementite. Own 

research, SEM 
 

The appearance of second eutectic phase nuclei on the initial - 
base crystal, as well as its dendritic development and growth in 
the branches of base phase does not create the matrix of colony 
yet, if the double-phase layer, which the regular eutectic structure 
is developed out of, is understood under this description [15]. 

The possibility of colony creation concerning the ledeburite 
formation according to Fe-Fe3C system, is based on the formation 
of second phase of the eutectic structure on the base continuous 
surface. All variants known from professional literature referring 
to the formation of this eutectic system determine the main idea of 
eutectic colony matrix formation on the base phase crystal as it 
happens in terms of all regular eutectics [14].  

Observing the development of eutectic colony, their 
classification into honeycomb and skeleton eutectics. Among 
these types there is a difference in growth mechanism and 
structure. It consists in formation of matrix of honeycomb eutectic 
with no presence of initial crystals of base phase. This 
phenomenon is showed in the picture of set structures of both 
phases (Fig. 2). The middle set arises as a result of alternative 
creation of heteronymous plates and is a product of longitudinal 
growth [14].  

The formation of honeycomb structure is described as 
perpendicular growth of a colony . It is determined that there are 
two types of cementite plates: longitudinally growing in middle 
set; and growing perpendicularly - in honeycomb eutectics. The 
middle set is a product of a separate solidification of phases: 

firstly, the plates of one phase are growing out of the liquid, then 
in interspaces the second phase is crystallizing. Honeycomb 
structure represents normal eutectic system, namely with couplet 
growth of both phases [14]. 

 

 
Fig. 2. Two types of cementite plates: longitudinally growing 

in middle set; and growing perpendicularly - in honeycomb 
eutectics. Own research, LM x 200 

 
 

3.1. Honeycomb ledeburite 
 

In special conditions of solidification, especially with high 
rates of alloy cooling, the formation of discontinuous, dispersed 
structures is possible. In alloys applied in practice, the eutectic 
structure has got the construction of colony and consists of two 
crystals.  

The most general model of binary eutectic is as follows: one 
of phases, the one with greater volume is a matrix of a colony, on 
the surface of which the dendrites of second phase are growing. 
Depending on the place of leading phase in this structure, the 
skeleton and honeycomb eutectic shall be defined. The skeleton 
structure is formed when the leading phase grows in the shape of 
branched skeleton and stands for the reinforcement of a colonies 
while the second phase fills the spaces between the branches and 
stands for the matrix of a structure.  

Leading phase may create not only the skeleton, but also the 
matrix of a colony. In this case the structures called honeycomb 
are produced. This name is proper not only because formally it 
presents the morphological construction of a structure. To a 
certain extent. it presents the order of phase solidification - i.e. 
during the generation of honeycombs the wax matrix comes first, 
then the fills of the canals takes place [14].  

The mechanism of honeycomb eutectic formation may be 
analysed on the basis of the Fe-Fe3C eutectic growth. The basic 
characteristics of this process is connected with layer growth of 
leading phase, being dependent on anisotropy of interatomic 
bonds strength. There is no clear image of leading, which 
characterizes the skeleton eutectics. The eutectic pyramid grows 
into the liquid with a surface of lower energy, the front of double-
phase solidification seems to be plain (Fig.3). The microsection of 
eutectic pyramids has no extended branches of leading phases. 
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