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Report: 
The experiments perfomed on ID11, were executed with an ETMT machine allowing a controlled heating of 
small samples (1.5× 1.5× 40mm) by resistivity and also the application of tensile or compressive stresses, 
which function has not been used. 
Two different kinds of steel were investigated: the case hardening grade 20MnCr5, and the ball bearing grade 
100Cr6. The heat treatment cycles were principally similar for all samples: a controlled heating up to a 
temperature between 700 °C and 1000 °C, followed by a soaking period of 10 to 60 minutes. Afterwards, the 
samples were cooled down quickely to room temperature (within 20 seconds). 
During the entire heat treatment cycles, diffraction frames were recorded with the FRELON camera using an 
exposition time of 0.4 or 0.8 seconds depending on the velocitity of the ongoing process. The energy of the 
beam used was 71 keV and the beam size was set at the maximum (about 100µm high and 300 µm width) in 
order to obtain the best statistical conditions as possible in terms of diffracting domains. The temperature was 
controlled by the use of two thermocouples welded on the surface of the samples. One type R thermocouple 
was used for the temperature regulation (imposed by the machine) and one type K thermocouple was used for 
a more precise temperature measurement in the low temperature range. In order to get the information about 
the instrumental contribution on the diffraction patterns, a standard material (LaB6 powder) was measured.  
 
The recorded frames were integrated after background correction with the help of an automatic macro file. 
The analysis of the diffraction patterns has been performed with the Rietveld refinement software TOPAS© 
from Bruker AXS. First of all, the LaB6 measurement has been refined in order to receive the instrumental 
function. Then, some time has been spent on the refinement of one pattern obtained at room temperature after 
cooling (as it is the most complicated microstructure). Several models of peak broadening were tested, 
including anisotropic crystallite size and strain broadening as well as the effect of stacking faults on the 
broadening, in order to obtain the most reliable fit.  
During the evaluation of the best refinement the best fit could only be observed with a four phase structure 
composed by non-transformed austenite (retained austenite) non dissolved cementite and two modifications 



of the martensite phase. Indeed, if the fit of the austenite (fcc structure) was quite good, the refinement with 
only the expected  martensitic structure (bct) could not give a reliable fit of the peaks. Only with the addition 
of an additional phase (bcc martensite) it was possible to obtain a nearly perfect fit of the data.  
In literature, authors mostly refer to “martensite with bcc or bct structure”, but never give a clear statement. It 
actually seems that the question of the martensite structure is still not clear although martensitic steels are 
widely used for industrial applications. 
The extension of the developped refinement model to the high temperature data allowed the description of  
the transformation kinetics and also give a possible explanation for the presence of two different martensite 
modifications at room temperature. 
Figure 1 shows the phase fraction changes during quenching of one sample made from 100Cr6. The sample 
was first heated up to 880 °C and hold for 10 minutes. As it can be seen, the transformation of austenite (fcc) 
to martensite (bct) begins at the temperature of about 170 °C. The cubic martensite (bcc) appears at a 
temperature slightly lower. The austenite content decreases consitnuously while the phase fractions of bct 
and bcc martensite increase. The bcc martensite reaches its maximum content at a temperature of about 90 °C 
while the content of bct martensite still increases strongly. Non-dissolved cementite still remains in the 
sample but its content do not change during quenching. 
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Figure 1: Phase content evolution during quenching of a sample from 880 °C to room temperature. 
 
The reported behaviour led to some of the following assumptions and conclusions: 
First of all, bct martensite forms from the austenite. Immediately after the transformation, some regions of 
the newly formed martensite reach a more stable energetic state by ejection of carbon atoms out of the lattice 
and its structure becomes more or less cubic. Further on, transformation of  austenite into bct martensite 
continues with decreasing temperature, but the thermal energy for the carbon movement also decreases, so 
the transformation rate of bct to bcc is approachuing zero at the temperature of 90 °C. One other reason for 
this is that almost all defects available for carbon movement may already be filled by carbon atoms. 
As found in [1], the possibility that carbon atoms are trapped along the dislocation line is possible during 
tempering as the density of dislocations in martensitic is very high (about 1012 cm-2) [1]. As self-tempering 
effects can occur during quenching, it is possible that similar phenomena happen. 
However, these are only assumptions and further experiments will be needed to clarify some points and 
confirm these tendencies. 
 
[1] M. Maalekian, E. Kozeschnik : A thermodynamic model for carbon trapping in lattice defects. Computer  
Coupling of Phase Diagrams and Thermochemistry 32 (2008) 650 - 654 


