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ABSTRACT 

Since the need for growing diversity as well as budget pressure, industry is going to focus on affordable and 

operation flexible new welding techniques of dissimilar material.This paper focuses on the iron-based alloy and 

aluminium-based alloy, which plays the most significant role in shipbuilding. However, welding of these metals has 

always a kind of a common perception for engineers.  

There is a several method to join these different alloys, but no one could form reliable welding technique for 

industrial application in aspect to quality, cost, human resources and facilities.This paper reviews the recent work in 

similar metals and suggests the mixed welding technique.The microstructural development, mechanical properties, 

effect of the joining conditions on the formation of intermetallic are discussed. 
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1. INTRODUCTION 

Nowadays, increasing demand of lightweight structures promotes various applications of multi material 

parts, which necessitates development of reliable and cost effective joining methods for dissimilar lightweight 

materials. One of these typical pair is aluminium alloy and steel. Both are commonly used in industry due to their 

high corrosion resistance and versatility. Even so, welding process of these different material yields unwanted 

disadvantages in joint, such as Intermetallic reaction phase formation at elevated temperatures which deteriorate the 

joint and initiate rupture after load applied. [1] 

Welding of aluminium alloy and steel can be carried out in three ways Fusion welding method (MIG, TIG, 

Resistance spot welding and Laser welding and Electron beam welding), Solid State welding ( Ultrasonic welding, 

Magnetic Pulse welding, Roll Bonding, Diffusion bonding, explosive welding), Friction welding  (Stir welding and 

spot welding). As per production aspects, it is requirement of industry to develop or utilise user friendly welding 

method. 

 
Fig 1 Application of Al equipment’s on Al vessel 

 

 

This paper reviews the joint efficiency, to check the possibilities of changes in welding method of 

Aluminium Alloys 6061-T4 with Stainless steel AISI 304. The particularly 6061-T4 and AISI 304 is utilised in ship 
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building.[2] In particular application of Bharati Shipyard Vessels are manufactured with 6061-T4 and also deck 

equipment are of same material like railing which is shown in Fig. 1. If railings are manufactured with Stainless 

steel AISI 304 material, it will reduce the costing of ship manufacturing. But the joint is utilised in that case is bolted 

which damage the base material. Henceforth it is necessary to check any method to join these two different material 

structures for easy to adopt by industry. This paper focuses on the mixed welding techniques for welding of 6061-T4 

& AISI 304.  

  

2. WELDING METHODS FOR 6061-T4 & AISI 304 

In fundamentally categorized welding processes like fusion and solid state, there are physical, chemical, 

mechanical and even statistical analyses to explain the reactions during the bonding.  In the fusion bonding, the heat 

source generates a temperature field which is very inhomogeneous and varies over time. Thermal variation occurs in 

the heat affected zone. The microstructural variations, deformed area and heat affected zone dominate the changes in 

the total behaviour of the bonds which results of non-uniform heating and solidification. Extreme crack propagation, 

intermetallic formation, porosity and other imperfections arise in connection with the typically inhomogeneous 

phase changes and solidification. Residual stresses, weld shrinkage, welding distortion are lead to brittle fracture, 

fatigue fracture, shape instability and stress corrosion cracking. [2] 

 

2.1 Inter metallic bond between Al and Fe 
As the excessive formation of intermetallicFexAly phases are lead to the brittleness of the bonds. In the 

atomic scale during the bonding processes, the atoms of the aluminium alloys and steels can takes position of 

vacancy and interstitial defect of carbon solute and hydrogen which is called interstitial diffusion and grain 

boundary moving. The equilibrium phase diagram shows seven non-stoichiometric intermetallic (Fe3Al, FeAl (α2), 

FeAl2, Fe2Al3(ɛ), Fe2Al5 and FeAl3, FeAl6). Table 1 designates the most important characters of theses intermetallic. 

 

 

Phase Stability 

range% 

Crystal Structure Vickers 

Hardness 

Activation 

energy (eV) 

Density 

(g/cm)^3 

FEAl 23-55 FCC 470-667 2.1 5.37 

FE3Al 23-34 BCC 330-368 - 6.67 

FE2Al3 58-65 Ordered BCC - - - 

FEAl2 66-66.9 Complex Cubic 1058-1070 - 4.36 

FE2Al5 70-73 Triclinic 1000-1158 1.5 4.11 

FEAl3 74.5-76.5 BCC Orthorhombic  772-1017 - 3.95 

FEAl16 - Highly complex monoclinic BCC - 1.2 - 

 

Table-1: Stability range, crystal structure and hardness of intermetallic [3] 

 

 

2.2 Microstructure analysis 
Tungsten inert gas welding of an aluminium alloy (5A06) to austenitic stainless steel was performed 

applying aluminium-based filler metal and non-corrosive flux (see Fig.2). The joining result indicate the formation 

of different brittle intermetallic with the thickness range of 5 μm to 35 μm. The different phases detected were τ5-

Al7.2Fe2Si, ɳ-Fe2Al5 and FeSi2, giving an average tensile strength of 140.0 MPa and having the fracture occurred 

in the filler alloy, at the corner of the bond area. The formation of these phases can be predicted by the ternary phase 

diagrams and if the right path has been chosen the nucleation of these kinds of phases can be prevented. 
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Fig-2:(a) Schematic of the butt TIG welding for joining the aluminium to steel and (b) formation of the cracks 

at the interface 

 

In Laser welding and electron beam welding, for reducing the formation of intermetallic during the bonding 

process the effect of laser power, pulse duration and overlapping factor are important parameters to be studied. With 

enhanced laser power, pulse duration and overlapping factor the amount of intermetallic components inside the weld 

region was increased whereas decreasing the main parameters produced inadequate penetration depth and cavity[3] 

 

 
Fig.3. SEM micrograph of the bond shows FeAl3, Fe2Al5 and pores 

 

The scanning transmission electron microscopy micrograph shows micro twins and Grisslile dislocations 

inside the intermetallic as shown in Fig.3. The bond is weak, because of the nucleation and growth of Fe2Al5, FeAl3 

and Fe3Al. 

The cold metal transfer welding of thin aluminium alloy bonded to a mild steel (Q235) by the help of 

aluminium filler metal (Al4043), gives the application of this technique to reduce the thickness of the intermetallic. 

As shown in fig 4. [3] 
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Fig.4. (a) STEM micrograph of the finger-like intermetallic, (b) schematic of all the phases and their defects 

and (c) bright field TEM micrograph of an Al5Fe2 showing Glissile dislocation half loops 

 

2.3 Joint strength and failure mode 
Laser welding and electronic beam welding indicates that the appropriate tensile strength can be achieved 

when the amount of the intermetallic is reduced to the lowest possible amount. It is believed that when the 

penetration depth is limited between 1560 and 1630 μm, an appropriate surface quality and lower amount of 

intermetallic can be created. In this investigation the amount of the intermetallic is measured by the following 

relationship 

𝐼𝑇𝑜𝑡𝑎𝑙 =
𝐴

𝐴′ ∗ 100.....................................(01) 

 

Where ITotal was the total amount of the intermetallic, A the area of intermetallic components and A’ was 

the area of the weld zone. [3] 

In friction stir welding process, loss of strength in the aluminium heat affected zone is likely to be caused 

by the dissolution and over aging of precipitates in the Al 6061 after T6 aging. Stress singularity exists at dissimilar 

material interface, which is liable to initiate cracks under loading and cause failures. On the other hand, presence of 

high strength intermetallic layer can alleviate this effect and resist against the stress intensity, which as a result 

would enhance joint quality. [3] 

 
3. ABOUT 6061-T4 & AISI 304 

3.1 Chemical Composition  

Chemical Composition Mechanical Properties 

Al % Mg 

% 

Si %  Fe % Cu % Cr % Zn % MN% Resid

uals 

% 

Ti 

% 

YS 

(MPa) 

UTS(M

Pa) 

Elongati

on % in 

1/2" 

Hardness 

Rockwell 

95.9 

to 

98.6  

0.8 to 

1.2  

 

0.4 to 

0.8  

 

0 to 

0.7  

 

0.15 

to 0.4  

0.040 

to 

0.35  

0 to 

0.25  

0 to 

0.15  

0 to 

0.15  

(Ti)0 

to 

0.15  

145  241  22 B65 

Table-1: Chemical Composition and Properties of Aluminium Alloys 6061-T4 [6] 

 

Liquidus temperature. 650 °C (1200 °F) 
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Solidus temperature. 585 °C (1085 °F) 

Incipient melting temperature. 577 °C (1070°F)  

 

Chemical Composition Mechanical Properties 

C% Mn% P %  S % Cr % Ni % N2 % Fe % YS(MP

a) 

UTS 

(MPa) 

Elongation 

% in 2" 

Hardness 

Rockwell 

0.08 

max. 

2.00 

max. 

0.045 

max 

 

0.030 

max 

 

18.00

-

20.00 

8.00-

12.00 

0.10 

max. 

Balance 290 621 55 

 

B82 

Table-1: Chemical Composition and Properties of Stainless steel AISI 304 
 

 

3.2 Mixed welding techniques for welding of 6061-T4 & AISI 304 

The two most common methods of facilitating arc welding of aluminium 6061-T4 to steel AISI 304are bimetallic 

transition inserts and coating the dissimilar material prior to welding. Bimetallic transition inserts are made by 

explosion welding (cladding) as shown in Fig. 5. 

 

 
Fig.5. Explosive Bonding 

 

3.3 Bimetallic Transition Inserts:  

Bimetallic transition materials are available commercially in combinations of aluminium to steel, stainless 

steel and copper shown in Fig.6.a). 

 
Fig.6. a) Bimetallic transition materials, b)Arc welding joint of 6061-T4 & AISI 304 

 

The method used for bonding these dissimilar materials together, and thus forming the bimetallic transition, 

are usually rolling, explosion welding, friction welding, flash welding or hot pressure welding, and not arc welding. 

The arc welding of these steel aluminium transition inserts can be performed by the normal arc welding methods 

such as GMAW or GTAW shown in Fig.6.b).Care should be taken to avoid overheating the inserts during welding 

and perform the aluminium-to-aluminium weld first.  In this way, we can provide a larger heat sink when the steel-

to-steel welding is performed and help prevent the steel aluminium interface from overheating. [05] 

The bimetallic transition insert is a popular method of joining aluminium to steel and is often used for 

producing welded connections of excellent quality within structural applications.  Such applications as attaching 

aluminium deckhouses to steel decks on ships, for tube sheets in heat exchangers that have aluminium tubing with 

steel or stainless steel tube sheets, and for producing arc welded joints between aluminium and steel pipe lines. 
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4. Conclusion 

From the review paper, it can be conclude that different types of welding process can be utilized in order to 

weld aluminium alloy and steel. Study of mechanical properties of the weld, temperature, process parameters are 

plays very important role. 

The major problem occurs with aluminium and steel weld is the formation of intermetallic compounds at 

the interface. It affects the properties and efficiency of the weld. In order to improve the strength of these metals 

weld intermediate layers at the interface can be used. And intermetallic compound thickness keep as minimum as 

possible, where crack initiates. 

In laser beam welding, explosion bonding, friction stir welding, thickness of intermetallic layer is very 

small. Henceforth it is required to focus on these welding to manufacture bimetallic inserts of various shapes. 

Intermetallic layer with an appropriate thickness and morphology can contribute to the joint strength. And this 

inserts which will be used for welding Aluminium and steel by TIG and MIG 
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