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a) b)

Fig. 4. Higher magnification SEM images of the microstructure of the alloy matrix in the SALs produced under processing conditions no: 
a) W1; b) WT1, Table 2

a)

b)

Fig. 5. XRD patterns of the SALs produced under processing conditions no: a) W1; b) WT1, Table 2
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a) b)

Fig. 6. Evolution of fraction solid versus temperature for solidification of the Fe-W-C alloy system at different composition calculated under 
Scheil conditions: a) Fe-30wt%W-2wt%C, a) Fe-20wt%W-1.25wt%C

Fig. 7. Phase fraction versus temperature curves for Fe-20wt%W-
1.25wt%C alloy system calculated under equilibrium condition

Fig. 8. Microhardness profiles on the cross section of the SALs produced 
under condition no W1 and WT3, Table 2. Profiles taken at mid depth 
of the SAL along line parallel to the FB

path of the alloy matrix, as a consequence of significant differ-
ences between the thermal stability of TiC and W-rich phases. 
Additionally, it should be noticed that the SALs produced with 
the Ti addition exhibit a markedly higher W content in the al-
loy matrix in comparison to that produced using pure WC, at 
the same HI level and powder feeding rate. This is attributed 
mainly to a higher total volume fraction of the embedded WC 
particles. Moreover, as mentioned earlier, the higher fraction of 
WC particles in the molten pool can increase the absorption of 
laser energy and simultaneously the molten pool temperature. 
As a consequence, a more intensive dissolution of WC particles 
in the molten pool can occur. Based on EDS analysis, the mean 
concentrations of Ti, and W in the matrix alloy of the WTL pro-
duced under condition no WT1 (TABLE 2) were estimated to be 
4 wt% and 35 wt%, respectively. Thus, it is reasonable to assume 
that the above alloy matrix has also higher C content than that in 
the WRL produced under condition no. W1. The thermodynamic 

Fig. 9. Thermal stability of the phases in Fe-3wt%C-4wt%Ti-35wt%W 
alloy system
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a)

a)

b)

Fig. 11. Optical micrographs of the HAZ in the SAL produced under processing parameters no WT3 (Table 2): a) CGHAZ; b) FGHAZ; c) SICHAZ

Fig. 12 Microhardness profiles in the HAZ of the SALs produced under different processing conditions (Table 2)




