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Abstract
It is very important for our research that we are able to examine the orientation of packets and their rela-
tionship to directions of stress that cause plastic deformation. We use electron backscatter diffraction (EbSD) 
to achieve this. EbSD examination requires very careful sample preparation. In our work we have developed 
a sample preparation method for electron bakcscatter diffraction examination. In this study we present the 
method, which consists of multistage mechanical grinding, polishing and ion polishing. Optimal parameters 
for each steps (eg.: grinding, polishing and sputtering time, milling angle) were determined for lath marten-
sitic steel, however, it could be used for other type of steel with minor adjustments. 
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1. Introduction
Martensitic steel is one of the most widely used 

iron base structural materials with the most out-
standing mechanical properties. besides Fe it con-
sists of carbon varying between a few hundredths 
to a few tenths of a percent by weight and a vari-
ety of different alloying elements in small quan-
tities. It is produced by fast cooling from a tem-
perature where the fcc austenitic γ phase is stable 
to around room temperature, where the bcc α 
phase is stable. All physical properties depend on 
the alloy composition, but principally on  carbon 
content and cooling characteristics. The speed of 
cooling from the austenite state and the carbon 
content are the main factors determining the mi-
crostructure and the mechanical properties of 
martensitic steels [1].

One possible form of martensite is the so called 
lath martensite. A typical lath martensite consists 
of blocks of lamellar plates where the blocks form 
packets [2–4]. The blocks are further subdivided 
into sub-blocks, where the smallest constituents 
of the structure are the lamellar plates called 
martensite-laths. The hierarchical structure of 
packets, blocks, sub-blocks and laths in lath mar-
tensite is shown schematically in Figure 1. 

Within the prior austenite grain boundary sev-
eral packets of different crystallographic orienta-
tions can coexist [2–4], as shown in Figure 1. 

Despite the rather large elastic limit of marten- 
sitic steels they do show some ductility [1, 5–7]. 
There have recently been attempts to reveal the 
microscopic mechanism controlling plastic defor-
mation in lath-martensite, by microscale deforma-
tion experiments [8–9]. 

Figure 1. The hierarchical structure of packets, sub-
blocks, blocks and lath in lath martensite.
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Micropillars with a single martensite block 
have shown perfectly ideal stress-strain behav-
iour with no strain hardening and a flow stress 
of 1.2 GPa. Micropillars with two or more blocks, 
however, have shown significant strain harden-
ing with a similarly large elastic limit [8].

Tensile experiments on microscale specimens 
of lath martensite of the order of 100 μm length 
showed that the critical-resolved-shear-stress 
(CrSS) was relatively small, of the order of 
350 MPa, when the active slip systems were in-
lath-plane, whereas the CrSS was almost doubled 
when the active slip systems were out-of-lath-
plane [9].

The two experiments in [8, 9] indicate that there 
may be a load redistribution between packets in 
which the active slip systems are in- or out-of-
lath-plane. Two packets oriented with the active 
burgers vectors either in- or out-of-lath-plane rel-
ative to the direction of the applied stress, σ, are 
shown schematically in Figure 2. 

The different elastic-plastic response is brought 
about solely by the different crystallographic ori-
entation of the two packets relative to the direc-
tion of σ. As a result, the plastic deformation cre-
ates a composite in which the packets with active 
burgers vectors in-lath-plane become the soft, 
whereas those with active burgers vectors out-of-
lath-plane become the hard components.

This short introduction shows how important it 
is for our research that we are able to examine 
the orientation of packets and those relationships 
with directions of stress which cause of plastic 
deformation. We use electron backscatter diffrac-
tion (EbSD) to achieve this. EbSD examination 
requires very careful sample preparation. In our 

work we have developed a sample preparation 
method for electron backscatter diffraction ex-
amination.  

2. Materials and methods
The samples were used for our measurements 

with edge lengths of l1 = 20 mm and l2 = 20 mm and 
a thickness of h = 2.5 mm. The material composi-
tion of the specimens is summarized in Table 1. 
The material composition of the specimens was 
measured using a zeiss Evo MA 10 Scanning Elec-
tron Microscope (SEM).

The samples were heated to 1100 °C (this is 
above the temperature of steel A3) and then held 
for 30 min followed by water cooling down to 20 
°C. This way, we could product lath martensite.

In the next step, the specimens were embedded 
in an electrically conductive hot embedding res-
in. This is an important step because both EbSD 
and ion polisher can examine  well only conduc-
tive samples, so there is no need to take out the 
specimens from the resin and risk them in this 
way possible injuries.

The next step was  mechanical grinding and pol-
ishing with different Silicon carbide (SiC) and dia-
mond particle size sandpapers (SiC particle sizes: 
300 µm, 212 µm, 90 µm, 46 µm, 26 µm, 15 µm, 12 
µm, 6 µm; diamond particle sizes: 3 µm, 1 µm). All 
types of grinding paper were used for 5 minutes 
and all types of polishing paper were used for 10 
minutes. At this point, all of the specimens were 
prepared in the same way, but this is insufficient 
for EbSD measurements. For better results, the 
specimens were ionpolished with a Technoorg 
Linda SEM Prep2 ionpolisher. The task may seem 
easy at first, but accurate adjustment of many 
variables (anode voltage, anode current, milling 
angle, sputtering time, ion source) is required for 
proper sample preparation. Two of the variables 
were changed during the measurement, one of 
them – the milling angle – was changed from 10 to 
110, the other variable was the sputter time, this 
was increased from 1 hour to 6 hours.

Figure 2. Two packets oriented with the active Burg-
ers vectors either in- or out-of- lath plane 
relative to the direction of the applied stress

Table 1. Material composition of our specimens.

Element Weight %

Fe 98.10

C 0.21

Mn 1.58

P 0.03

S 0.04

Si 0.04
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The other variables were set to the following 
values: anode voltage: 10 kV, anode current: 3.5 A, 
beam current: 2 mA, ion: Ar+. 

After the samples were prepared, we performed 
EbSD measurements. From the measurements, 
we obtain IQ (image quality) maps which are 
used to determine the quality of image from elec-
tron backscattered diffraction examination.

The higher the IQ value, the better the obtained 
result. Our goal is that the IQ value exceeds 40,000 
because the results obtained above this are al-
ready correct. 

3. Results
First, we established the ideal milling angle. 

Each sample was ionpolished for 1 hour. The IQ 
values for each milling angle were plotted in the 
following diagram (Figure 3) .

As we can see in the diagram, the ideal milling 
angle is 70. After this, only the sputter time was 
modified and the milling angle was set at 70. The 
result can be seen in the Figure  4. 

As we can see in the diagram, the ideal sputter-
ing time was 4 hours, but the average IQ value 
was over 40 000 at 3 and 5 hours. based on this, 
we can say the best ion polishing parameters are:

 – anode voltage: 10 kV,
 – anode current: 3.5 A, 
 – beam current: 2 mA, 
 – ion: Ar+, 
 – sputtering time: 4 h, 
 – milling angle: 7°.
An IQ map of a sample made with these param-

eters in Figure 5. 
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