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Thermal history & phase transformation during high heat input welding (HHIW)
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» Phase fraction & grain size determine the properties of the HAZ

 Coarse grain zone prone to brittle fracture after HHIW

Kitani, Y., et al. Welding in the World. 2007.



Effect of niobium on size & toughness of heat-affected zone
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» Increases of Nb leading to finer prior austenite grain size
» Effect of Nb on fracture transition are different under different heat input

« Effect of niobium at heat input up to 250kJ/cm has not been mentioned

Batte, A. Proc. Int. Symp. on ‘Niobium’. 2001.
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Coarse grain zone (HAZ) thermal experiments by Gleeble
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Mechanical properties of Coarse grain zone(HAZ) of E36 and E36Nb(experiments)
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EBSD analysis of Coarse zone(HAZ)for E36 and E36Nb

_Grain orientation & size of E36 - 100kJ/cm
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» Average grain size of E36Nb is finer than E36 with two heat input

» Average grain size coarse with higher heat input between 100kJ/cm and 250kJ/cm
»Percentage of small angle grain(Misorientation<15) of E36-100 is 66%, E36Nb-100 is 74%
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OM analysis of Coarse zone(HAZ) by horizontal position of sample
Substrate
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The gain size from
coarse to fine with
change of distance from
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The gain size of
E36Nb is finer than
E36, and more bainite
appeared in E36Nb
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Continuous cooling transformation (SHCCT) curves of E36 & E36Nb
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» Niobium addition reduces the phase transition temperature (including the start
transition temperature and end temperature)

» Niobium addition expands the bainite transformation area

» Cooling rate of acicular ferrite transformation from 2°C/s - 20°C/s for E36,
1°C/s - 2°C/s for E36Nb, Niobium addition reduced cooling rate range of
acicular ferrite transformation
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Leblond-Devaux equation and Koistinen-Marburger equation
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Leblond et, al. Acta Metallurgica, 1984.
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Phase transformation of selected points during welding

o 1 . _ )
1400+ 0.9l —+ Austenite ||
1300t ' - ferrite

o 1200H 0.8 Fooe o |~ Ppearlite

< 1100 0.7} f ~ Bainite

[0} ' —+ Martensite

5 1000 0.6} ] ]

& 900 0.5 !

2 800 0.4l I Simulated phase

E 700 ' 0.3t f -

~ 600 — : {

500 ] 0.2¢ _a |
400 ] 0.1 i ]t 1
300 ‘ - 0 ; e
0 1 _ 2000 0 000 _ 2000
me Ti (s)

» The thermal cycle and microstructural
evolution curve in point A are achieved.

» The phase fraction of the microstructure of
experiment and simulation are in a good
agreement.




3-D cloud picture of microstructural evolution for Gleeble experiments
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> Based on the validated Leblond-Devaux equation, the microstructural evolution are achieved

» The fraction of ferrite, bainite and pearlite are showing in the 3D diagram
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Phase transformation of selected points during welding
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» The phase fraction of the microstructure of experiment and simulation are in a good agreement.
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Summary & Future work

» Thermal profile, and phase fraction of ferrite, bainite and pearlite transformation
during the simulated welding process can be predicted by the model.

» Impact toughness of coarse grain zone of E36NDb is better than E36 with heat
input 50kJ/cm, 100kJ/cm, 150kJ/cm, 200kJ/cm and 250kJ/cm.

» Addition of Nb-0.12%:
 Expands the bainite transformation range of SHCCT
» Reduces the content of proeutectoid ferrite and acicular ferrite
* Increases the amount of granular bainite

» Leblond-Devaux parameters of K,_, 4 and L,_,, have been evaluated and simulated.
SH-CCT diagram shows a good agreement with the experimental SH-CCT
diagram.

» Develop the martensitic transformation model by Koistinen-Marburger equation.
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Thanks for your attention!



