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ABSTRACT 

The study focused on microstructural investigation and wear analysis of iron 

(Fe) based hardfacing fillers of Series 1 (hypereutectic white cast iron (WCI)) – alloys 

A, B, C and D; Series 2 (hypoeutectic WCI) – alloys F, G and H; and Series 3 

(hypereutectoid steel) – alloy E. The hardfacing alloys were deposited on carbon steel 

base metal using self-shielded flux cored arc welding (FCAW) technique onto the base 

metal which  is SJR235RG2 type steel. Phase formation, microstructural and 

mechanical properties of hardface deposits were investigated in the as-deposited 

condition. In Series 1, the addition of niobium (Nb) and molybdenum (Mo) with 

tungsten (W) and vanadium (V) additives resulted in microstructure refinement of the 

proeutectic M7C3 carbide phase as revealed by optical microscopy and field-emission 

scanning electron microscope (FESEM) analysis. XRD (x-ray diffraction) and energy 

dispersive x-ray (EDX) analysis showed the existence of M7C3 (M=Cr, Fe), MC 

(M=Nb, Mo) and the matrix of α-ferrite phase. Nb and Mo found to form MC carbide 

while W and V dispersed uniformly in matrix and carbide phase. The increasing of 

alloying elements in the filler further increased the microstructure refinement, increased 

hardness and wear resistance. The main wear mechanism observed in Series 1 

hardfacing alloys are abrasive wear, indicated by surface grooves and surface fatigue, 

indicated by material delamination. In Series 2, the major addition of titanium (Ti) with 

Mo, Nb and V, resulted in fine distribution of MC carbides embedded within α-dendritic 

structure as revealed by optical microscopy and FESEM analysis. XRD and EDX 

analysis showed the existence of M7C3 (M=Cr, Fe), MC (M=Ti, V, Nb, Mo) and the 

matrix of α-ferrite phase. Increase of hardness and wear resistance is due to the 

distribution of MC carbide and excess chromium (Cr) that dissolves in the α-ferrite 

phase as solid solution. The main wear mechanism observed in Series 2 hardfacing 

alloys is abrasive wear, while hardface alloys with alloying addition showed surface 

delamination which was attributed to the presence of soft phase adjacent to the MC 

carbides. In Series 3, optical microscopy and FESEM-EDX analysis showed existence 

of MC (M=Ti, V, Mo), martensite and retained austenite. The dilution effect has 

resulted in the formation of martensite and retained austenite matrix. Thus, the strength 

of hardface deposit was contributed from MC carbide dispersion, martensite phase and 

the Cr solid solution that dissolved in the matrix. 
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