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Selected relevant developments:

JC Hell, Ph.D. thesis, University of Metz, 2011; carbide-free bainite formation 
above and below Ms. Synchrotron studies of carbon content evolution in ferrite     
and austenite; microstructures and properties of bainitic steels.  

SMC van Bohemen, MJ Santofina, J Sietsma, Scripta Mat., 2008;58:488
Dilatometric studies of bainite formation above and below Ms;  
Comparison of microstructures of autotempered martensite and bainite.

A Borgenstam, P Hedström, M Hillert, P Kolmskog, A Stormvinter, J Ågren,
MMTA, 2011, 42A, 1558. Analysis of the symmetries of bainite and 
inverse bainite formation.
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Fe-1.6C-0.24Si-0.56Cr-0.25Mn, 750 C  
courtesy Wenzheng Zhang, 2010
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20 min. at 300oC



40 min. at 300oC



Bainitic ferrite and retained austenite

Fe-0.4C-2.78Mn-1.81Si, 300oC

H. Zurob and X. Wang
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TTT diagram for Fe-0.4C-2.8Mn-1.8Si 
(determined by optical metallography):



Resistivity response through Ms (Ms=275oC)



100 R(t)/Ro(t=0)

Response below Ms (Ms=275oC)

100 R(t)/Ro(t=0)
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Reaction constant n vs. isothermal reaction temperature.



Conclusions from the kinetic studies:  

The kinetic observations are consistent with a limited 
number of initial precipitates that lengthen rapidly, and thicken
much more slowly.

Bainites formed above and below Ms form continua in
both microstructural and kinetic senses.both microstructural and kinetic senses.

Bainite and athermal martensite are distinct and perhaps 
able to catalyze one another.
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2B�1B�B6gHH2A�B�B6a

Ferrite/austenite orientation relationship; Fe-C-Ni-Si bainite 10 min. at 350oC 
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2B�1B�B6gHH2A�B�B6a

2B�1B�G6gHH2BDB6a

OR between NW and KS
(1-11)g �  1°from(011) a
[110]g �  2.6°from[1-11] a



Ferrite/cementite orientation relationship; 
Fe-C-Ni bainite formed at 350oC

I

I

�

(101)q//(121)a

�
I

I

�

OR near Isaichev:
(303) q //////// (121) a
[010] q �  // [1-11] a
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Modeling the cementite-ferrite interface:
R. Hadian



Comparison of autotempered martensite and bainite, specimen
isothermally transformed below Ms

Multiple variants of cementite         Single variant

Martensite                                          Bainite
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RE: CARBIDIC STRUCTURES IN FE-C-NI:

a) The orientation relationship in these bainites is 
close to Isaichev, that is: 
(303) q //////// (121) a;  [010] q �  // [1-11] a

b) For specimens transformed below Ms, bainites and 
autotempered martensites are found to coexist. 

c)  Autotempered martensites possess multiple
variants of the cementite precipitates, while 
bainitic ferrites in the same specimens contain 
only one variant



Some General Conclusions:

Lengthening of bainite plates is completely consistent with 
control by carbon diffusion.

Bainitic ferrite formation is kinetically continuous through
Ms; it is possible that athermal martensite and bainite catalyze 
one another but the two products are quite distinct.

In carbidic specimens reacted below Ms, carbide precipitation 
offers a way of distinguishing between autotempered martensite
and bainite.

Surface relief (shear) is an indication of a displacive migration 
process which may involve site correspondence; motion of 
disconnections.  In no way does it necessarily imply a 
diffusionless process.


