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Thermomechanical controlled processing - to control microstructure evolution 
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A schematic CCT diagram for microalloyed linepipe steels (Ref: D. Qi, Patent) 

ü Grain size effect 

ü Solid solution strengthening 

ü Precipitation strengthening 
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Objectives 

To  understand the strengthening mechanisms of microalloyed steels 

I. To determine strengthening contribution due to grain size effect 

II. To determine strengthening contribution due to precipitation effect 

Á To characterize precipitate size, morphology and chemistry 

Á To quantify the amount of nano-sized precipitates 

Á To understand the nano-sized precipitation as a function of steel 

chemistry and processing histories 
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Challenges associated with precipitate characterization 

Á Fine sizes of precipitates 

Á Wide particle size distribution 

Á Low volume fraction 

Á Precipitates have same crystal structure (NaCl-type), with 

similar lattice parameters 
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FRT* = normalized finish rolling temperature to that of X80-B4F steel 

CT/ICT* = normalized coiling/interrupted cooling temperature to that of X80-B4F steel 

** = intended values 

 

For Grade 100 and X100 steels, steels were deformed by leveling or rolling at ICT temperature 

X100 steels are experimental, pilot scale steels  

Chemical compositions & processing histories 

Steel C 

(wt%) 

N 

(wt%) 

Si 

(wt%) 

Nb 

(wt%) 

Ti 

(wt%) 

Mo 

(wt%) 

V 

(wt%) 

FRT* CT/ICT* CR 

(ºC/s) 

X70-564 0.0398 0.0118 0.23 0.069 0.023 0.2 0.001 0.94 1.04 15** 

X80-A4B 0.035 0.0058 0.283 0.094 0.017 0.305 0.003 1.05 0.93 15** 

X80-B4F 0.052 0.0061 0.128 0.077 0.009 0.299 0.002 1.00 1.00 15** 

X80-462 0.03 0.0098 0.27 0.091 0.013 0.297 0.002 0.94 1.04 15** 

X80-A4F 0.052 0.0055 0.115 0.044 0.009 0.404 0.003 1.00 0.90 15** 

Grade 100 0.08 0.011 0.244 0.094 0.06 0.301 0.047 1.07 1.09 15** 

X100-2A 0.039 0.005 0.11 0.037 0.013 0.41 0.003 1.00** 0.71 35 

X100-2B 0.065 0.0059 0.22 0.047 0.009 0.4 0.07 1.00** 0.64 34 

X100-3C 0.064 0.0063 0.33 0.05 0.009 0.4 0.003 1.00** 0.80 19.1 

Steel chemistry and normalized FRT and CT/ICT  
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Experimental methods ï combination of different techniques 
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