Modelling of the transition from upper to lower bainite
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Introduction

The microstructure of bainite consistsof a non-lamellar mixture of ferrite and
carbides which canbe classifiedfurther into upper and lower bainite dependingon
the detailsof carbideprecipitation In upper bainite the partitioning of carbonfrom
supersaturatedferrite into the residual austenite iIs so rapid that the cementite
precipitates from the austenite, between the ferrite plates while cementite also
formswithin the bainiticferrite plate in lower bainite.

Alloyingelementscanaffectthe kineticsof cementite precipitationsubstantially The

purposeof this studyis to extendthe model developedby Takahashand Bhadeshia

to includethe solutesMn, Siand Cr,and applythe resultsto a wide variety of steels

Model construction

A  Cementite precipitation

Thekineticsof cementiteprecipitationfrom bainitic ferrite plate wasmodelledunder
paraequilibriumcondition, usingMatCalc Thetime for a cementite fraction of 0.01
of its equilibrium quantity is usedto define the start time 0 . Largeamount of data
was collected by varyingcompositionand temperature The basecompositionwas

otherwisethat listedin Tablel.
Table 1. chemical composition

C Si Mn Ni Mo Cr Cu S
0.224 1.0 1.542 0.080 0.141 1.54 0.168 0.146

Theresultingrelationsbetween precipitation start times and alloy element contents
and temperaturesare very complexand non-linear Neural network method was
therefore used to represent the calculated data including alloy composition,

temperatureand cementiteprecipitationstart time asthe variables
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Figure 1 Alloying element and temperature effectsoorior 0.2 Cwt% alloy

Figure 2 Alloying element and temperature effectsoorfior 0.8 Cwvt%alloy.

A Decarburisation
The time required to decarburise a supersaturated bainite subunit is given by
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whereo isthe decarburisingime, 0 isthe thicknessof the bainite subunit, afis the

nominal carbon content of the alloy, w and w are the carboncontent of ferrite
andausteniteat the interfacewherethey arein paraequilibrium

0

Figure 3 Effects of alloying elements and temperature on decarburisation time.

Validation
A FeCsystem
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Figure 4Calculatedd ando for plain carbon steel of 0-1
0.6 Cwt%, the solid lines are the dash lines ar® .

A FeMn-Mo-C alloys

Figure5 Calculated) o for
plain carborsteel.
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Figure6 Calculated 6

for FeMn-Mo-C alloy. oo
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A Experimentalsteel
Table 2 Calculated 0

Figure 7 Calculateal ando for plain carbon steel d.1-0.4C
wt%, the solid lines are , the dash lines are .

Figure8 TEM bright field imagef isothermaltransformation at400°C 370° Cand 340°Cfor 1
h. (8 400°C (b) 370°C the insetis thediffraction pattern from the circled area, thearbides
was confirmed to be cementite, zone axes are [351] and [3613lém andred patterns
respectively. ¢) 340°C

Conclusion

A modelfor transitionfrom upperto lower bainite hasbeendevelopedby comparing
the time required for decarburisinga supersaturatedoainite plate and the time for
cementite precipitation within the ferrite plate. Good agreementwas achievedfor
FeCsystemand low alloyedFeMn-Mo-C system,broad agreementwasreachedfor
a commercialStcontainingmulticomponentsteel Themodel predictsthat Cand Mn
favourlower bainite, while Sipromotesupper bainite.
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