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Abstract: The joining of two chemically dissimilar metals is a challenge due to the formation of
hard and brittle intermetallic compounds (IMCs) in the diffusion layer. The joining of steel/Fe with
aluminum (Al) and zirconium (Zr) alloy is particularly important for the automobile and nuclear
industries, respectively. The Al–steel and Zr–steel joints produced by conventional fusion welding
exhibit IMCs. The IMCs can enhance brittleness and cause catastrophic failure. This concept paper
presents a novel idea of suppressing IMCs in welded joints using a high-entropy interlayer (HEI).
It also discusses the potential candidates for HEIs and inspires research to exploit this new and
promising research area.
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1. Background and Purpose
1.1. High-Entropy Alloys
High-entropy alloys (HEAs) comprise of multiple principle elements mixed in equiatomic or
near-equiatomic concentrations. Configurational entropy of a multi-component system increases with
an increasing number of elements, as shown in Equation (1).
∆S = −R Σ ci ln ci

(1)

where ∆S, ci , and R denote configurational entropy, molar content of the ith component, and gas constant,
respectively. Enhanced configurational entropy of multiple principle element alloys suppresses
intermetallic compounds and stabilizes the solid solution phase in HEAs [1].
The HEA is a versatile material. In addition to structural, high temperature, and irradiation
resistant applications [2,3], its utilization as a filler material [4] and diffusion barrier [5] is also being
explored. Hao et al. used (CoCrFeNi)100-x Cux high-entropy alloy as a filler metal between 304 stainless
steel and TC4 titanium alloy and produced a reliable joint with 158–161 MPa tensile strength and 803 HV
hardness [4]. The Cu- and Ti- rich phases were observed in the microstructures of transition zones [4].
Tsai et al. explored the applications of AlMoNbSiTaTiVZr HEA as a diffusion barrier by depositing
layers of Cu and AlMoNbSiTaTiVZr using magnetron sputtering [5]. The AlMoNbSiTaTiVZr exhibited
amorphous structure and successfully prevented copper-silicide formation [5]. This versatility of HEAs
has provoked researchers to exploit their new and less explored applications.
1.2. Intermetallic Compounds in Dissimiar Metals Welded Joints
Conventional welding of dissimilar (metallurgically incompatible) metals results in intermetallic
compounds (IMCs) in the diffusion layer, which degrades the properties of welded joints.
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Table 1. Various studies reporting no intermetallic phase in AlNiCoCrFe high-entropy alloys (HEAs).
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Method
Structure
Reference
Method
Structure
Reference
Arc-melting
BCC + B2
[11]
Arc-melting
BCC + B2
[11]
Arc-melting
A2 + B2
[12]
Arc-melting
A2 + B2
[12]
Arc-melting
BCC
[13]
Arc-melting
BCC
[13]
Bridgman solidification
BCC
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Mechanical
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Mechanical
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BCC
[14] [14]
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Annealing
of
milled
powder
BCC
[14]
Spark plasma sintering
BCC + FCC
[14]
Spark plasma sintering
BCC + FCC
[14]
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This approach can be useful in the field of nuclear materials as well. Zirconium (Zr) alloys and
stainless steels (SS) are widely used in in-core and out-core components of nuclear reactors, respectively.
The joining of these two materials using conventional fusion welding results in IMCs in diffusion layer,
which reduces the mechanical properties of the joint [16]. Solid solution phase (with no IMCs) has been
reported in Zr and Fe containing HEAs, such as ZrFeCrNiTi [17] and ZrTiHfCuNiFe [18]. By using
interlayers of these HEAs, the formation of IMC in Zr–SS joints can be suppressed. The study of Wen et
al. [19] on joining of Cu with 304 stainless steel using CoCrFeMnNi high-entropy alloy as an interlayer,
in which well bonded interface and no intermetallic were observed, gives confidence on the success of
this concept.
Figure 2. High-entropy interlayer (HEI) for suppressing intermetallic compounds in welded joints.
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The dissimilar metal joints can be developed using spark plasma sintering (SPS), hot isostatic
pressing (HIP), hot rolling, explosive welding (EXW) [20], and/or magnetic pulse welding (MPW)
[21]. The transition zones may exhibit regions enriched/depleted in certain elements [4]; hence, the
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The dissimilar metal joints can be developed using spark plasma sintering (SPS), hot isostatic
pressing (HIP), hot rolling, explosive welding (EXW) [20], and/or magnetic pulse welding (MPW) [21].
The transition zones may exhibit regions enriched/depleted in certain elements [4]; hence, the successful
development of dissimilar metal joint using HEI without IMCs will require optimization of experimental
conditions (compressive load/pressure, temperature, interlayer’s initial thickness, holding time, surface
roughness, etc.). After getting preliminary results, fine tuning of chemical compositions may also be
required. The presence of contamination and desorbed oxygen on the surface of metal blocks and
thin foils can hinder the diffusion; therefore, cleaning of the surfaces prior to diffusion bonding will
be required.
5. Impact of HEI Concept
The HEI concept could have a significant impact on the welding technology used in automobile
and nuclear industries, as it can help develop IMC-free Al–steel and steel–Zr welded joints. High
brittleness of welded joints due to the presence of IMCs can cause catastrophic failure of the critical
components of automobiles and nuclear power plants, which can put human lives at risk. The HEI
concept could help avoid the brittleness by suppressing IMCs in welded joints.
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