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In present investigation, hard claddings treatment was performed on st37 steel using two cored wires
containing Fe-B and Fe-B-C powder-based by FCAW (Flux Cored Arc Welding) method during three stages
of single pass, two-pass and three-pass welding process. Results indicated that the increasing of welding
pass numbers for both welding wire, boron percentage was improved from 2.3 to 3.18 wt. % at weld metal
due to more presence of boron in welding melt which caused volume increase of welding wire at each
welding pass. Microstructure observation and phase analysis using optical and scanning electron
microscopes and X-ray diffraction (XRD) results also expressed that the using of Fe-B electrode for single
pass welding process caused to create a ferrite matrix and a-Fe2B eutectic; for two-pass welding process
compared to single pass ferrite islands have been decreased, while the amount of a-Fe2B eutectic have been
increased. Third pass of welding process caused to form a-Fe2B eutectic and primary particles of Fe2B
which had columnar shape. Presence of carbon in Fe-B-C electrode will form pearlite islands beside primary
Fe2B. Also, at third pass of welding process by both electrodes, very low amount of FeB phase would be
formed around the Fe2B primary phase. Formation of FeB compound related to segregation of boron
element during welding and non-equilibrium solidification. The increase in hardness can also be attributed
to an increase in the amount of boron due to the increasing number of welding passes.
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Table 3 Chemical composition (% by weight) of base metal and
hardfacing layers
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Samp c si Mn B Fe
Base
Sl 0.022 0.01 0.14 - Bal.
FE'B'I 0.041 0.14 0.20 23 0 Bal.
FeB, 0.054 0.16 021 28 Bal.
FeBy 0.06 0.18 0.34 s Bal.
Fe-B- 2.2
c-1 0.33 0.39 0.19 1 Bal.
Fe- 2.7
S, 03 0.43 0.21 s Bal.
Fe- 3.1
BC.3 0.38 0.50 0.25 ) Bal.
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Fig. 2 Optical microscopic images of the vertical and horizontal
sections of the sample welded with Fe-B welding wire include a single-
pass welding process (Fe-B-1)
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Table 2 Welding processes and sample coding

Sample code Cored Wire Pass number
Fe-B-1 Fe-B 1
Fe-B-2 Fe-B 2
Fe-B-3 Fe-B 3

Fe-B-C-1 Fe-B-C 1
Fe-B-C-2 Fe-B-C 2
Fe-B-C-3 Fe-B-C 3
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Fig. 4 Images of SEM electron microscopy from the welding section of
Fe-B-1 sample and the EDS analysis of the Fe2B phase
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Fig. 7 SEM electron microscopy images of the welding vertical section
of Fe-B-2 sample and the EDS analysis of the Fe2B phase
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Fig. 11 X-ray diffraction pattern (XRD) from samples a) Fe-B-C-1, b)
Fe-B-C-2 and c) Fe-B-C-3
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Fig. 12 Schematic of the formation of phases formed in the Fe-B-C-1
sample
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Fig. 8 Images of SEM electron microscopy from the vertical section of
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in the Fe-B-3 sample
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