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KRITSADA PHENGARREE : EFFECT OF ARC CURRENT ON THE WELD PROFILE AND
METAL FUME FORMATION DURING WELDING PROCESSES AMONG INDUSTRIAL
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This study investigates the characteristics and formation of metal fumes
generated during the Shielded Metal Arc Welding (SMAW) and Metal Active Gas (MAG)
welding processes. Low carbon steel (S5400), with a thickness of 6 mm and conforming
to JIS G3101 and AWS D1.1/D1.1M standards, was used as the base metal. The SMAW
process was conducted using current levels ranging from 60 A to 130 A, while the MAG
process employed copper-coated HTW-50 welding wire in the horizontal welding
position (1G). Both acceptable and defective welds at different current levels were
compared. Metallographic characterization, fume morphology, and chemical
composition were analyzed using Scanning Electron Microscopy with Energy Dispersive
X-ray Spectroscopy (SEM-EDS), X-ray Diffraction (XRD) for oxide identification, and
Inductively Coupled Plasma Mass Spectrometry (ICP-MS) for trace element analysis.

The findings indicate that the optimal welding currents for SMAW were 70 A
(3.96 mg/m?) and 90 A (5.36 mg/m3), which produced acceptable welds with columnar
grain structures and a ferrite-martensite microstructure in the Heat-Affected Zone
(HAZ). In contrast, welds produced at 60 A (7.3¢ mg/m3), 110 A (18.48 mg/m?), and 130
A (12.96 mg/m?) exhibited various defects. For the MAG process, the optimal current
levels were found to be 110 A (5.80 mg/m?) and 130 A (9.98 mg/m?), while welding at
60 A (13.46 mg/m?) and 70 A (14.53 mg/m?) resulted in defective welds. Defective welds
in both processes generated higher concentrations of metal fumes compared to
acceptable welds. The observed fume morphologies included agglomerated, spherical,
smooth, irregular, and plate-like particles. The predominant oxide constituents were
hematite (Fe,03), magnetite (Fe;0,), and rutile (TiO,). The results of this study provide

a pfacticat basis for optimizing welding parameters to minimize exposure to hazardous



metal fumes and support the development of improved safety standards aligned with

the Thai labor skill certification system.
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