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Abstract

Introduction: Nickel-based superalloy Hastelloy X is widely used in high-temperature
industries due to its excellent resistance to oxidation and corrosion. However, the weld quality of
this alloy is highly sensitive to the heat input during the welding process.

Methodology: Welding was performed using ERNiCrMo-2 filler metal at three different levels
of heat input. The specimens were subsequently examined through microstructural and
mechanical testing. Microstructural analysis was conducted using optical microscopy, Field
Emission Scanning Electron Microscopy (FESEM), and Energy Dispersive Spectroscopy (EDS),
while X-ray Diffraction (XRD) was employed for phase identification. Mechanical tests
including hardness, Charpy impact, and tensile tests were conducted according to ASTM
standards.

Results: Microstructural analysis showed that lower heat input led to a finer microstructure with
reduced segregation of alloying elements in the inter-dendritic regions. Furthermore, decreasing
the heat input reduced grain size and carbide precipitation in the heat affected zone (HAZ).
Mechanical testing revealed that, the sample welded with the lowest heat input exhibited the best
mechanical performance, including the highest hardness (206.8 HV), impact energy (62 J),
tensile strength (742.8 MPa), yield strength (344.8 MPa), and elongation (34.1%).

Conclusion: Heat input plays a crucial role in achieving an optimal microstructure and
enhancing the mechanical properties of Hastelloy X weld joints, and thus must be carefully
controlled. Using a lower heat input resulted in a finer microstructure, reduced elemental
segregation, and simultaneous improvement in hardness, strength, and toughness.

Keywords: Hastelloy X superalloy , GTAW Process, Heat Input , ERNiCrMo-2 filler metal ,
Mechanical properties

Extended Abstract

Introduction

Hastelloy X (HX) is a nickel-based superalloy containing significant amounts of chromium, iron,
and molybdenum. This alloy is designed for use in high-temperature environments and exhibits
excellent resistance to oxidation and corrosion. These properties make it highly suitable for
various applications, including gas turbine engines, industrial furnace components, aerospace
parts, petrochemical equipment, and power generation systems. In such applications, the welding
process plays a critical role for achieving the desired weld quality. Among the key parameters in
welding, heat input has a particularly significant influence. It strongly affects the thermal cycles
of the weld, the cooling rate, and the metallurgical transformations in both the weld metal and
the heat-affected zone (HAZ). Consequently, it directly impacts the microstructure and
mechanical properties of the weld, resulting in notable differences compared to the base metal.

In fusion welding using nickel-based filler metals, a reduction in the mechanical properties of the
weld metal is commonly observed due to its solidification structure. The weld metal of the
Hastelloy X superalloy solidifies with an austenitic dendritic structure and exhibits pronounced
elemental segregation, resulting in lower mechanical properties compared to the base metal.
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Therefore, considering the importance and the role of welding parameters especially heat input
for achieving optimal weld quality, this study is performed to investigate the effect of heat input
during Gas Tungsten Arc Welding (GTAW) on the microstructure and mechanical properties of
Hastelloy X weld joints.

Methodology

In this study, the nickel-based superalloy Hastelloy X was used as the base metal. The alloy was
solution-annealed at 1177 °C for 3 hours. Welding was carried out using ERNiCrMo-2 filler
metal. GTAW was performed in a single pass with direct current electrode negative (DCEN)
polarity under three different heat input conditions. Microstructural examinations were
conducted using Optical Microscopy and FESEM equipped with EDS for compositional
analysis. Phase identification was performed using XRD. Mechanical tests for the joints included
microhardness measurements, Charpy impact testing at room temperature, and tensile testing.

Results and Discussion

The microstructure of the HX base metal exhibited equiaxed austenitic grains with well-defined
grain boundaries and Mo-rich M¢C precipitates. XRD analysis of both the base metal and the
weld metal confirmed that the austenitic phase was predominant in both cases. The weld center
microstructure consisted equiaxed dendrites, and dendrite size increased with increasing heat
input. Under low heat input, the higher thermal gradient and faster cooling rate promoted
nucleation restricted dendrite growth, resulting in a finer solidification microstructure.

In the ERNiCrMo-2 filler metal, austenite is the primary solidification phase. During
solidification, alloying elements with limited solubility in solid austenite compared to the liquid
are rejected into the liquid ahead of the solid-liquid interface. This causes micro-segregation and
local compositional variations, leading to the enrichment of certain elements in the inter-
dendritic regions. These regions form during the final stages of solidification, and when the
concentration of segregated elements exceeds a critical level, secondary phases precipitate. Mo, a
strongly segregating element in the ERNiCrMo-2 filler metal, tends to accumulate in the inter-
dendritic liquid, promoting the formation of Mo-rich MgC carbides during the final stages of
solidification.

Furthermore, as the heat input decreases, the volume fraction of carbides also decreases, making
them appear smaller and more dispersed. Reduced diffusion of alloying elements under these
conditions limits the precipitation and growth of secondary phases. A higher G/R ratio toward
the fusion boundary promotes a transition from equiaxed to columnar dendritic morphology.
Overall, the specimen welded with the lowest heat input exhibited the finest microstructure,
characterized by smaller dendrites due to the faster cooling rate.

The weld metal produced with the lowest heat input exhibited the highest hardness (206.8 £ 5.2
HYV), the greatest impact energy (62 + 2 J), and superior tensile properties, including a tensile
strength of 742.8 £ 6.1 MPa, a yield strength of 344.8 + 7.8 MPa, and an elongation of 34.1 £ 1.1
%. The steep thermal gradient and rapid cooling rate associated with low heat input, produced
finer dendrites, more isolated carbide particles, and enhanced the mechanical performance
compared to welds made with higher heat input. While welding can cause alloy element
segregation and undesirable microstructures, lower heat input minimized segregation and
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promoted a refined microstructure, ultimately improving mechanical properties. Fracture surface
analysis of the base metal and weld metal both showed ductile fracture behavior.

Conclusion

This study investigated the effect of heat input on the microstructure and mechanical properties
of Hastelloy X welds fabricated by GTAW with ERNiCrMo-2 filler. The weld metal exhibited a
dendritic microstructure, which became finer as heat input decreased. Lower heat input reduced
segregation of alloying elements, particularly Mo, producing fewer, smaller, and more uniformly
distributed carbides. Mechanical properties improved with decreasing heat input, with the lowest
heat input weld showing increases of 5% in hardness, 11.7% in impact energy, 9% in tensile
strength, 12.1% in yield strength, and 11.8% in elongation. Fracture surfaces of both base and
weld metal indicated ductile behavior. MC carbides within dimples acted as stress concentrators
and fracture initiation sites.
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