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Abstract Gas turbine components are predominantly manufactured from nickel-based superalloys. Operating
under harsh conditions, these parts suffer from edge wear and reduced efficiency. Given the high cost of
replacement, research into the cladding, refurbishment, and reusability of damaged components is of significant
importance. While most existing studies have focused on Direct Energy Deposition (DED) techniques for cladding,
Laser Powder Bed Fusion (LPBF) has received less attention. This study investigates the deposition of IN625 on
a non-weldable IN738 substrate using LPBF, emphasizing its advantages over DED. The mechanisms of defect
formation during manufacturing, along with their evaluation and control methods, are examined. To mitigate
substrate-related defects, solution annealing and homogenization heat treatments were applied. To control defects
in the deposited layer, process parameters such as scan speed and laser power were varied. Microhardness, as an
indicator of mechanical performance at the cladded edges, was measured. The results revealed that microhardness
is influenced not only by elemental concentration gradients but also by the cooling rate and the resulting cellular
structure size. Consequently, an existing model from the literature, which correlates microhardness with elemental
composition, was reassessed and modified. It was found that in dissimilar material joints, within a certain energy
range, hardness becomes independent of composition and is instead governed by cell size. While the existing model
from the literature fails to capture this behavior, the modified equation proposed in this study accurately predicts
microhardness under such conditions.
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1. INTRODUCTION

Nickel-based superalloys in gas turbines face
damage under extreme conditions, making cost-
effective repair methods essential (Donachie &
Donachie, 2002; Gao et al., 2008; Basak et al., 2016).
While DED is commonly used for such repairs, Powder
Bed Fusion (PBF) offers superior precision and lower
defect rates (Bian et al., 2017). However, challenges like
cracking and porosity—especially in non-weldable
alloys like IN738—Iimit its application (Benoit et al.
2021; Ramakrishnan & Dinda, 2019). Pre-treatment and
process control can reduce these defects (Henderson et
al., 2004; Hojjatzadeh et al., 2019). In addition,
microhardness is influenced not only by composition
(DebRoy et al., 2018; Hisazawa et al., 2017) but also by
cooling rate and cell size during solidification (Carter et
al.. 2014; Jiang et al., 2020). This study investigates the
combined effects of process parameters on
microstructure and hardness in IN625 layers on IN738
substrates.

2. MATERIALS AND METHODS
An IN738LC gas turbine blade was sectioned and
solution-annealed at 1210 °C for 4 hours, then quenched

to reduce residual phases. The prepared substrate was
polished and mounted on an SLM Noura M100
machine. IN625 powder (15-53 pm) was deposited
using LPBF under varied power (100-200 W) and scan
speeds (100-1000 mm/s). The build consisted of four
layers with 30 pum thickness and 67° rotation.
Metallographic analysis included optical and SEM
imaging, EDS for composition profiling, and
microhardness testing per ASTM E384-22. ImageJ and
Minitab were used for phase quantification and
statistical analysis.

3. RESULTS AND DISCUSSION

Solution annealing of IN738LC reduced carbides
and v’ phases, improving structural homogeneity and
minimizing cracking risk. Defects observed in the LPBF
process included spherical gas pores and irregular lack-
of-fusion pores, both strongly influenced by laser power
and scan speed. Cracks formed primarily at the interface
or within the substrate, especially at high energy input,
due to thermal gradients and brittle phases.
Microhardness varied with both elemental composition
and cooling rate. While the model developed by DebRoy
et al. (DebRoy et al., 2018) model predicted hardness
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from elemental content, it could not fully explain the
experimental results. Figure 1 compares predicted and
measured hardness trends, showing good correlation in
trend but significant deviation in values—highlighting
the importance of considering cooling rate.

Figure 2 shows that solidification cell size increased
from 0.85 um to 1.7 pm as power rose from 100 W to
150 W, then remained constant at 200 W due to changes
in melt pool geometry and heat transfer. This
stabilization helped explain why hardness plateaued or
decreased at higher powers despite greater energy input.
To improve hardness prediction, a new empirical model
was developed based on both equivalent Ni content (¢)
and solidification cell size (D).
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Figure 3 demonstrates that this model fits
experimental data more accurately, capturing the
combined effects of chemistry and microstructure.

4. CONCLUSION

Solution annealing of IN738LC improved structural
homogeneity and reduced defect formation. Process
parameters significantly affected pore and crack
formation, with distinct mechanisms for each. Existing
models based only on composition were insufficient for
predicting microhardness. By incorporating both
elemental concentration and solidification cell size, a
new model was proposed that reflects the observed
hardness trends in dissimilar IN625/IN738 LPBF joints
more accurately.
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Figure 1. Variations of interfacial microhardness with scan speed and laser power

Figure 2. Dendritic cells at scan speed 100 mm/s, power: a) 100 W, b) 150 W, ¢) 200 W
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Figure 3. a) Fitting of experimental data with formula from equation 5, b) Surface plot, and c) Contour plot of microhardness
variations according to the cell size and equivalent nickel concentration
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