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Experiment Brief
Microtest in-situ tensile testing system

Gatan is the world’s leading manufacturer of instrumentation and software used to enhance and extend electron microscopes—from specimen 
preparation and manipulation to imaging and analysis. 
The Department of Materials Science and Engineering at IIT Kanpur offers exciting learning opportunities to both undergraduate and post-
graduate students by providing a wide array of courses as well as by providing hands-on learning through laboratories, projects, and involvement in 
cutting-edge research.
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Summary

The Microtest 2000EW with the EH2000 option is a useful tool 
to provide a stable in-situ environment for studying recovery and 
recrystallization phenomenon via MAD and BC respectively. The 
values of MAD and BC, have an advantage over low angle grain 
boundaries (LAGB) and local misorientation since they do not 
require a user to enter parameter limits. In-situ investigations 
increase experimental confidence by using the same region 
for the results; it is difficult for ex-situ work to aquire accurate 
quantitative measurements because it needs some form of 
normalization with changes in material or processing condition.

Title

Microtest tensile system with electron backscatter diffraction (EBSD) enables study of recovery and recrystallization during 
in-situ heating of alloys

Background

Recovery, recrystallization, and grain growth refer to microstructural changes that take place on heating cold-work or deformed metals 
with no change in chemical composition or crystal structure. These processes play an important part in controlling the microstructure 
and texture of annealed alloys. EBSD has become an important technique that provides quantitative information on the recovery and 
recrystallization during annealing. However, EBSD is prone to errors because frequently it is used in a post-treatment review that relies 
on user input for grain orientation spread and local misorientation values. The Microtest 20000EW with the EH2000 option was used to 
allow these process to be investigated in situ during the heating regime to remove this chance of error.

Gatan instrument used

The Microtest 2000EW with EH2000 heating option, is a stage specifically designed for EBSD that enables in-situ observation of 
dynamic changes of samples under both a tensile load and heating. The experiment made use of a Nordlys detector from Oxford 
Instruments.

Materials and Methods

A Cu–Zn alloy test sample cold rolled to a true strain of 0.3 was 
placed onto the Microtest stage inside a JEOL 7100F and held 
under a constant nominal load. The Microtest stage held the 
specimen in a position suitable for EBSD and was used to apply 
the temperature profile up to 500 °C shown in Figure 1 while 
EBSD scans were taken at varying intervals. Little change in 
microstructure can be detected during the recovery stage (up 
to 450 °C) since recovery is associated with rearrangement of 
point imperfections and dislocations. Changes in recovery are 
best indicated through the mean angular deviation (MAD) value 
as shown in Figure 2. Recrystallization and the microstructure 
evolution occurs at 500 °C and can be seen in Figure 3. The 
advantage of in-situ results is that they allow the user to utilize 
band contrast (BC) to analyze maps taken at the same region of a 
sample as it heated. This allows recrystallization to be quantified 
using this parameter and also detects any local microstructural 
transformations.

Figure 3. EBSD band contrast map overlaid with grain boundary map for (A) 26 
°C, (B) 500 °C, (C) 15 min, (D) 30 min, (E) 90 min, and (F) 120 min. Low angle 
grain boundaries, Σ3 boundaries, and random high angle grain boundaries are 
shown in gray, red, and black, respectively. Other colors are corresponding to special 
boundaries other than Σ3.

Figure 1. In-situ heating cycle. Figure 2. Parameters for recovery.


