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Abstract 
Grain orientation, properties, microstructure borders, and types and sizes of phases have had a major impact on the traits  
of modern engineering materials. Therefore, it is important to study, analyze, and (further) control the meth-
od of crystallizing alloys. One of the methods used to assess the orientation of grain growth is the EBSD technique.  
EBSD (Electron Backscatter Diffraction Analysis) enables us to perform quantitative analyses on the microstructure of ma-
terials (on a scale of millimetres to nanometres) in a scanning electron microscope. Using the EBSD technique can help us 
gain valuable information about the following properties of crystalline materials: crystal orientation, disorientation, grain 
boundaries, global and local texture, fractions recrystallization/deformation, stress analysis, characterization of intergranu-
lar boundaries, identification of phases, phase distribution, and so on. In this paper, we present the results of phase analysis  
and crystallographic orientation of the grains of high chromium cast iron via EBSD. These were preliminary studies to determine  
the possibility of using the EBSD technique for analyzing high chromium cast iron. Castings were produced under industrial 
conditions, then samples were cut out and testing using the EBSD technique. This method proved to be effective for this type  
of material. 
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1. INTRODUCTION

The base of the EBSD method is a focused electron 
beam interacting with the sample at an inclination  
of 70° to the optical axis of the microscope. A diagram of 
the EBS system is shown in Figure 1 [1–5].

Electrons penetrating the small depth of the sample 
surface are back-scattering and diffraction crystallo-
graphic planes. This phenomenon occurs  at a distance 
of not more than 50 nm below the surface of the sample;  
hence, a high demand of the quality of the surface layer of the 
sample is required. The electrons are diffracted according  
to the Bragg’s law and form two characteristic scattering 
cones (Kossel cones). These cones intersect the plane of 
the screen covered with a layer of phosphor and a CCD  
camera. They can be seen as a system of bands called  
Kikuchi lines (or Kikuchi patterns) (Fig. 2). The dilation 
 angle of the Kossel cones are close to 180°; therefore, 
Kikuchi lines are sets of pairs of nearly parallel lines.  
Kikuchi lines are specific to the system and crystallo- 
graphic orientation, which implies utility of this meth-
od in the study of the crystallographic orientation of the  
grains. Assigning each orientation grain a certain color 
can result in an image area of the microstructure as an 
orientation map  [6–8].

The identification of phase components is performed 
by comparing the Kikuchi line registered on the sam-
ples of patterns generated by the application program  
EBSD detector on the basis of part of the database  
approved and specified by the operator. Each database is 
a collection of information about the characteristics and 

Fig. 1. EBSD technique: 1 – electron optical column; 2 – specimen,  
3 – CCD camera; 4 – camera driver; 5 – computer controlling beam 
and performing image analysis; 6 – diffraction pattern [2]



16 Phase Analysis and Crystallographic Orientation of High Chromium Cast Iron Grain Using EBSD Technique

                                                                                                                                                                                   https://journals.agh.edu.pl/jcme

parameters of the structure of the different components 
of the phase, including the space group, a group of Laue 
diffraction, crystallographic system, lattice constants  
of the unit cell [1–9]. 

The advantages of using the EDSB technique unde-
niably allows for the greatest speed and reliability  
of determining the properties of the crystal lattice, ori-
entation, and structure of the crystalline phases. Unlike 
optical techniques, it is possible to obtain information  
of all phases (even isotropic) and the opaque phase in 
this method. One of the major limitations in the applica-
tion of EBSD is the stringent requirements of the pre-
pared samples. EBSD measurement is made at a very short 
depth into the sample, whereby samples must be free  
of damage to the crystal lattice on the surface. 
Conventional grinding and polishing of samples for 
optical microscope results in significant damage to the  
crystal lattice near the surface of many types of materials; 
therefore, after the traditional polishing, it is necessary  
to perform additional chemical polishing It is a laborious 
and time-consuming process that requires experience  
with a variety of materials for obtaining the best results [3].

2. METHODOLOGY

The presented investigation focuses on the study of the 
microstructure on a sample of high chromium cast iron 
using the EBSD technique. The sample for testing was 
cut from a cast made of high chromium cast iron with the 
chemical composition shown in Table 1. The sample was 
prepared and tested at the Institute of Metallurgy and 
Materials Science Polish Academy of Sciences using an 
FEI Quanta 3D FEGSEM high-resolution scanning electron 
microscope with an additional column ion FIB integrated 
with an EDAX Trident (spectrometer EDAX Genesis spec-
trometer WDS Genesis LambdaSpec and system acquisi-
tion electron backscatter diffraction EBSD Genesis TSL).

Table 1  
Chemical composition, wt. %
Fe C Si Mn P S Cr Mo Ni Cu
71 3.23 0.519 0.646 0.0384 0.0259 23.8 0.119 0.34 0.108

3. RESULTS AND DISCUSSION

The simplest way to generate an orientation map is 
by plotting the three Euler angles using an RGB color 
scheme; this is often referred to as a Euler map. The Euler 
colored maps provide a basic presentation of the micro-
structure; however there are limitations to these maps. 
One of these issues is that small orientation changes don’t 
always correspond to small changes on the color scale, 
which can cause confusion when looking at a Euler map. 
To accommodate these issues, a different type of map dis-
play is often used. 

The Inverse Pole Figure (IPF) color scheme uses  
a different presentation that is much easier to inter-
pret and that doesn’t normally show large color devia-
tions when there are small changes in orientation. The 
color scheme is designed by assigning a color to each 
of the corners of the inverse pole figure. For each map,  
a reference sample direction (like the rolling direction) 
is chosen, and a color is assigned based on the measured 
crystal orientation and chosen viewing direction [3].  

Fig. 2. Scheme of EBSD technique [2]

Fig. 3. An IPF crystallographic orientation map of: a) eutectic grains; b) the crystal reference frame

a) b)
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Figure 3 presents the IPF orientation map of eutectic grains.   
From Figure 3, it can be found that the largest grain is ori-
ented towards the crystallographic direction [111].

In the unique grain color map, each grain is shaded 
with a random color. In EBSD, a grain is defined to be 
bounded by a continuous high-angle boundary (bound-
ary with a misorientation >15°). This map is useful for 
distinguishing grains from one another, and the colors 
used in the unique grain color map do not correspond to 
the lattice orientation in any way [9]. 

Figure 4a shows the unique grain color map of the sam-
ple. Figure 4b presents the corresponding distributions 
of the misorientation angle of the eutectic grains. The 
misorientation angle distributions are characterized 
by a sharp peak near 2° and then has the appearance of  
a normal distribution (from 15 to 65°).

In addition to the map of the microstructure, the EBSD 
analysis also gives information about the microstruc-
ture such as the number of grains and their average 
diameter as well as the selected information provided in  
Table 2 regarding the eutectic grains. Grain size is an 

important characteristic used to understand the devel-
opment, engineering, and potential failure traits of iron 
and steels. EBSD is an ideal technique for determining 
grain size; it offers microstructural characterization 
including grain boundary characterization, and texture 
quantification.

Table 2  
Summary information about eutectic grains

Grain Size 
(Excluding Edge Grains)

Number of Grains 6069
Number of Edge Grains 172

Average Diameter 1.63 (1.39) microns
Equivalent Area 2.08 (1.52) square microns

Equivalent ASTM No 15.9 (16.4)
 
EBSD analysis can distinguish groups of the selected 
grains and analyze them. Figure 5 shows an analysis 
aimed at determining the diameter of the grains that 
occupy most of area fraction of the sample. The biggest 
area fraction (0.227265) occupies just one, the largest 
grain of a size diameter equal to 163.525 µm. 

Fig. 4. Unique grain color map (a); the corresponding area fraction as a function of misorientation angles showing relationships between 
grains (b)

Fig. 5. Map of the biggest eutectic grain (a); graph of grain size diameter of area fraction (b) 

a) b)

a) b)
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The second-most-often grains growing are that with 
diameters of approx. 70 microns and an occupied area 
fraction of 0.127 (Fig. 6 – in red).  

EBSD is applied to identify the major and minor phas-
es within a material. This can include the identification 
of intermetallic phases, secondary phases and precipi-
tates within a processed material, and the identification 
of mineral assemblages in naturally occurring material.  
In addition to identifying an unknown phase, another 
benefit of EBSD is to visualize the spatial distribution of 
these phases. This can be very important, for example, 
when investigating the occurrence of secondary phas-
es either at the grain boundaries or within the grains 
themselves. Typically, EBSD can differentiate between 
different crystallographic phases, and EDS can show the 
chemical composition. When the results from these two 
systems are combined using a sophisticated analysis 
system, it is possible to use these tools to identify and 
separate any unknown phases or compounds [4]. 

Figure 7 shows the phase map of the sample. It can be 
seen that two phases occur – the Fe-based austenite phase 
and the Chromium Carbide phase. The Fe-based austenite 

phase occupies 65% of the area, whereas the carbide phase 
constitutes 35%. It can be seen that the phases are distrib-
uted homogeneously.

4. CONCLUSIONS

Analysis using an EBSD system provides great oppor-
tunities to learn more about the material. It can deter-
mine the crystallographic orientation of the structure 
and examine the amount and distribution of phases.  
The EBSD method can analyze one phase or even a single 
grain. The EBSD system provides information about the 
size and angle of the misorientation selected crystals.

The presented investigation shows that two phases 
occur in this material – the Fe-based austenite phase 
(which occupies 65% of the area) and the Carbide phase 
(constituting 35%). Using the EBSD technique deter-
mined the number of particles (6069 grains) and the 
average diameter of the grains (1.63 [1.39] microns).  
The experimental results indicate that EBSD analysis 
can be used to study high chromium cast iron.

Fig. 7. Phase map with legend

Fig. 6. Map of eutectic grains with diameters of approx. 70 microns (red) (a); graph of grain size diameter of area fraction (b)

a)   b)
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