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Introduction 
Laser welding is a process which includes solidification, phase transformation and 
precipitation in a narrow zone with high cooling rate. Therefore, risk of martensite formation 
in fusion zone (FZ) and Heat affected zone (HAZ) area is high. Post-weld heat-treatment is 
recommended to decrease the brittleness of fresh martensite by tempering.  However, 
depending on the temperature and time of tempering, nucleation and coarsening of different 
secondary precipitates on martensite are often observed even in low-carbon steels as well as 
in high-carbon steels [1].  

In this paper, the kinetics of precipitation during welding and a specific post-weld heat-
treatment according to quenching and partitioning (Q&P) technique in HAZ, which is 
comprehensively explained in another publication [2], has been modeled by Thermocalc/TC-
PRISMA to predict the characteristics of the precipitates and retained matrix. 

Methodology 

Domex 960 steel  produced by SSAB  (Fe, 0.08 wt %C, 1.79 wt %Mn, 0.23 wt %Si, 0.184 wt 
%Ti, 0.038 wt %Al, 0.503 wt %Mo, 0.012 wt %V and 0.004 wt %N) with high yield strength 
(min 960 MPa) steel aimed for lifting applications (e.g. crane) has been used. After 
austenitization of the material, samples were quenched to 350 ◦C (equal to 60 % martensite in 
the structure), followed by reheating and then hold at 650 ◦C for 50 seconds. Simulation of the 
phase equilibrium was performed by Thermocalc  TCFE8 database and precipitation kinetics 
were calculated by TC-PRISMA MOBFE3 database. 

 Results and Discussions 

With regard to the chemical composition and the phase equilibria of this alloy, Ti(C,N) and 
MoC are the precipitates that can nucleate and grow before iron carbides. This is predictable 
since enthalpy of formation of these carbides and nitrides are higher in comparison with other 
alloying elements in this steel [3].  Fig 1. (a), (b) and (c) show the kinetics of precipitation 
(TTP diagram) of Ti(C,N), MoC and M6C (M can be substituted mainly with Fe) respectively. 
Nucleation of Ti(N,C) has the highest transformation rate around 1150◦C, at which the 
nucleation starts after less than one second while precipitation of MoC has its maximum rate  
at 800◦C and decreases with decreasing temperature but it is still very fast till approximately 
650 ◦C. However, precipitation of M6C under highest rate around 675 ◦C takes more than 100 
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seconds. Simulation of the size of Ti (C,N) precipitates after the process, shows maximum 
size of approximately 95 nm while most of the particles are between 40 to 50 nm.  

   

 

Fig1. Simulated results of TTP diagram for (a) Ti(C,N), (b) MoC and (c)M6C in Domex 960 
steel. Lines show the proper condition (Temperature and time) for nucleation of precipitates. 

Conclusions 

The most probable precipitates to be formed in this alloy is Ti(C,N) while precipitates of 
MoC, M6C and Fe3C are also probable to be formed. 

Maximum rate of Ti(C,N) nucleation occur at around 1150 ◦C while its precipitation starts at 
1400 ◦C and continues till 450 ◦C and most of them will form in less than 100 sec. 

During the mentioned laser welding and Q&P process, maximum number of Ti(C,N) 
precipitates is formed while the welding process reaches the peak temperature. Some 
nucleation occurs also during the Q&P treatment, but these nuclei have smaller size.  

The maximum size of Ti(C,N) nuclei when a heating and cooling rate of 100 ◦C/s is regarded 
together with holding at 1350 ◦C for 2 s is app. 100 nm while a  change of the time at 1350 ◦C 
to 5 s, will increase the size to 150 nm. 
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