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1. Introduction

Inconel 718 is a nickel-based superalloy with
chromium, iron, and titanium, showing excellent
performance in high temperatures so that most of its
properties including tensile strength maintain under
nuclear reactor operating temperature [1, 2]. Therefore,
the excellent properties of Inconel 718 allow
application to structural material for various
components in current and future nuclear power plants.
As a precipitation hardening superalloy, Inconel 718
matrix has uniformly dispersed precipitates of FCC y’
Niz(Al Ti) and BCT y” (NisNb) phases through post
heat-treatment [3, 4].

316L austenitic stainless steel has a wide application
to industries. The alloy processes excellent corrosion
resistance and structural properties [5, 6]. Moreover,
stainless steel was used in structural components in
light-water reactors and fast breeder reactors [7].

The joining of these two dissimilar alloy systems
becomes essential for Generation IV reactors, as well as
other industries with harsh environments [8, 9]. There
are recent studies to manufacture both alloys with
additive manufacturing in mesoscale; directed energy
deposition (DED) and microscale laser powder bed
fusion(L-PBF) [10].

Conventional manufacturing methods often face
difficulties in processing Inconel 718 components as
they have relatively high hardness and low thermal

conductivity due to the Laves C14 phase’s brittle nature.

Crack formation between the joint structure of Inconel
718 and 316L was reported as a major issue under
operation cycle and fatigue. Thus, brazing and hot
isotactic pressing (HIP) were only cases that have been
used to bond Inconel 718 and 316L.

The research presented herein focuses on
manufacturing Inconel 718-Stainless steel 316L joints
using spark plasma sintering process. The interfacial
stability and phase evolution of each material at
different temperatures have been characterized.

2. Methods and Results
2.1 Powder Compositions

Both Inconel 718 powder and 316L stainless steel
powders were prepared from MK Powder.Co (South
Korea). Powders’ size distribution was 15 ~ 45 um
where the powder shape was spherical produced using
gas atomization under industrial argon gas. Each of the
alloy compositions are as follows:

Table 1: Powder Composition of IN718 and 316L Powders

Alloy IN 718 316L
Elements
Ni 50 ~ 55 11~ 14
Cr 17~21 16~ 18
Fe 19~22 Bal
Co <1 0
Nb 475~55 0
Mo 2.8~33 2-3
Ti 115 0
Al 0.2-0.8 0
Mn 0.35 <2
Si 0.35 <1
C 0.08 0.03
Cu 0.3 0
P 0 <0.04
Si 0 <0.04
*(WE. %)

2.2 Spark Plasma Sintering Process

Spark plasma sintering (SPS) process is a powder
consolidation technology in solid-state condition. It is
suitable for developing dissimilar metal joints without
introducing unwanted phases or microstructure at the
bimetallic interface. It is known that multiple reactions
occur for powder particles during SPS process: (1)
plasma heating, (2) joule heating, and (3) uniaxial
compression. Powder gets solidified and grain growth
starts above recrystallization temperature of powder
material. Since SPS is run under a solid-state diffusion
mechanism, phase transformation may be accompanied.
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This study used Thermal Technology LLC’s SPS
machine under industrial argon gas from Airgas Co.
Sintering die radius was 20 mm radius and two different
powders were sintered simultaneously. SPS sintering
temperature varied by 800 ~ 1200 °C and isothermal
dwell time was 16 minutes for each run. Uniaxial
pressure rate was 20 MPa/min, and chamber vacuum
condition was near ~ 18 torr. Fig. 1 illustrates the
powder consolidation processes for Inconel 718 and
316L stainless steel powders at the same time.
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Fig. 1. Spark plasma sintering process and sintering material
sample

2.3 Phase Availability between Alloy Systems

Table 2: Inconel 718 and 316L Phase composition

Inconel 718 and 316L available phases

Alloy Phase Crystal Structure Chemical Formula
v FCC Ni(Cr,Fe,Mo)
o Y FCC Nis(AlTi)
— " BCT NisNb
': ) Orthohrombic NisNb
e c Tetragonal (Cr,Mo)x (Ni,Co)y
8 Laves Phase Cubic / Hexagonal (Ni,Fe,Cr)2(Nb, Ti,Mo)
c MC FCC (Ti,Nb)C
M23C6 FCC (Cr,Fe,M0)23Cs
M6C Cubic / Hexagonal FesMosC
v (austenite) FCC Fe Cr Ni Mo
o', & (martensite) | BCT, HCP Fe Cr Ni Mo
é c Fe(CrMo) / tetragonal | Fe(CrMo)
a X (Chi) BCC FessCri2Mo1o
1 (Laves) Hexagonal Fe:Mo
M23C6 (FeCr)23Cs / FCC (FeCr)23Cs

2.4 Grain Size Evolution

The grain size was reduced from non-sintered

powder to the 900 °C SPSed sample. This reduction in
grain size began to increase at 1000°C. Grain growth
was more evident in 316L than in Inconel 718, as
shown in Fig. 2. Grain growth was severe in 316L due
to the distinct compositions and microstructural
differences. For compositional reasons, Fe-based 316L
promotes austenitic growth without any hindrance

except minor oxide inclusion formations. However, for
Inconel 718, the Nb element forms strengthening
precipitates (y’ and y”) that inhibit grain growth. These
precipitates form during heat treatment pin the grain
boundaries, thus limiting the grain growth.
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Fig. 2. Average grain size as a function of temperature.

2.5 Phase Evolution: Intermetallic and Precipitates

As shown in Table 2, the major elements in both
Inconel 718 and 316L are: nickel, iron and chromium
which is also known as typical oxide forming agents.
The minor elements (Nb, Mo, Ti) are conventional
nitride forming agents based on Ellingham’s diagram.
At sintering temperature higher than 1000 °C showing
porosity less than 2%, the notable Laves phase observed
in the feedstock powder decreased. It assumes some of
the Nb and Mo in the Laves phase dissolved back to the
matrix. Interestingly, y’ phase (Al-Ti rich) was mainly
identified at the grain boundaries at the high
temperature conditions.

2.6 Microstructural Evolution at Interface

The grain size has diminished from 800 °C to 900 °C
since the original powder is from the virgin form (as
atomized). This diminishment of grain size was notable
at lower temperature which proves the 1000 °C is a
grain growth temperature and interface stabilizing
temperature — which will be demonstrate by pole figure
and inverse pole figure data. Particle-to-particle
boundaries and grain boundaries have difference in
minor element content since the vacancy between
particle-to-particle boundaries was critical of formation
of intermetallic compounds and precipitates.
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Fig. 4. Interface evolution via temperature diminishment



Transactions of the Korean Nuclear Society Spring Meeting
Jeju, Korea, May 22-23, 2025

1200 °C 1100 °C 1000 °C

Fig. 5. Interface boundary profile from temp 1200, 1100 and
1000 °C
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The uniform interface was fully formed above 1000 °C.
From a particle’s perspective, the interface was loaded
with large amount of heat and pressure and grain
growth of both 316L, and Inconel 718’s minor elements
were migrated. Thus, the interdiffusion in elements of
both alloys can diffuse across the interface leading to
the formation of mixture-precipitation of both phases.

4, Conclusions

The microstructure of Inconel 718 and 316L alloys
and the interface underwent significant alterations at
elevated SPS temperature. As the temperature increased,
the interface boundary between the alloys became more
pronounced, and the depth of the mixing region
expanded correspondingly. The stability of the interface
is influenced by the diffusion of elements from each
alloy to the opposite side. The intermetallic network,
particularly the Nb-Mo length, exhibited an increase,
demonstrating the reduction of the stable Laves phase
and the formation of new precipitated phases (y') at
elevated temperatures.
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