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Abstract

The TIG welding process is well known for its advantages and exclusivity when it comes to weld materials
such as Titanium, Magnesium, Aluminium, etc. which requires special conditions, therefore in this experiment
we use TIG welding procedure to join two materials to two different base materials: Cu-(FM) on ferritic stainless
steel-(BM); Mg-(FM) on Copper-(BM). In this paper are analysed intermetallic compounds and constituents
formed in different zones of welded sample: HAZ of base material, fusion line, fusion zone, etc. To produce
qualitative, braze-welded joints between dissimilar materials, we need to fully understand and take in
consideration different factors. Obtained results are evaluated by optical microscopy, scanning electron
microscopy and EDX-analyses.
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1. INTRODUCTION

The need for joining dissimilar metals arises from the complex functionality of many modern industrial
applications. As manufacturers focus on reducing operational costs, search for increased mechanical and
thermal properties and lightweight solutions for sectors like aerospace and automotive industries, multiple
material combinations are increasingly being used for many products [1].

Several techniques exist for joining dissimilar materials [2]. However, there are many difficulties associated
with the welding of dissimilar metals, which arise from metallurgical incompatibilities, like the formation of brittle
phases, segregation of high and low melting phases due to chemical mismatch, and possibly large residual
stresses from physical mismatch [3].

Mg alloys have become a competitive new light structural material. It is now being widely used in electronic
communication, automotive, and aerospace. Steel materials will continue to occupy a dominant position in the
application of industrial production with the successful development of high-strength steel [4].

The challenges of bonding immiscible Mg/steel dissimilar metals are no Fe-Mg intermetallic compounds and
little solid solubility in the Mg-Fe system, and differences in the physical and chemical properties of Mg and
Fe. Mg/steel welds are not like the Al/steel or Al/Mg joint. Many Fe-Al compounds are detected in the Al/Fe
joint, which influences the Al/Fe joint performance. However, there was no intermetallic compound (IMC)
forming in the Mg/Fe joint, and little solid solubility in the Mg-Fe system. Hence, knowing how to obtain an
interface layer with a certain thickness is the key to the bonding of immiscible Mg/Steel dissimilar metals [5].

Promoting interfacial reaction could form an Mg/steel interface layer and obtain an effective Mg/steel joint.
Currently, the research on joining Mg/steel mainly focuses on the following aspects. First, the elements of the
interface layer mainly come from the base metal or by adding alloy elements. Therefore, designing different
types of interface layers could be achieved by choosing different components of the base metal and suitable
alloy elements, such as, Mg base filler wires (AZ31, AZ61 and AZ91) and interlayer (Al, Cu, Ni, Cu-Zn foil
layers or Ni, Zn, Sn coatings, et al.) [4,6,7].
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In this context, the research was focused on the problems occurring in the interface areas of the joints made
of ferritic stainless steel with a copper alloy and of copper alloy with a magnesium alloy. Obtained results are
evaluated by optical microscopy, scanning electron microscopy and EDX-analyses.

2, EXPERIMENTAL PROCEDURE

The materials used were ferritic stainless-steel sheets and pure copper sheets (30x30 mm). AZ31 magnesium
wire and a T2 pure copper wire were used as filler materials. AZ31 magnesium alloy was chosen due to its
good rolling capabilities. Before welding, the oil on substrates (Cu-T2) surface was removed by a wire brush
and acetone. The nominal alloying elemental compositions of the materials studied are shown in Table 1. The
welding parameters and mechanical properties are discussed in a previous research [8].

Table 1 Chemical composition of base and filler (wt%)

Elements
Material
Cc Fe Cr | Mn | Mg Ni S Zn Al P Cu Si (o]
Ferritic steel W1.4713 | 01 | rest | 7.1 | 068 | - - 0.011 - 0.72 | 0.026 - 0.74 -
Mg-AZ31 - | 0.005 | - 1.0 | rest | 0.005 - 1.3 3.5 - 0.01 | 0.05 -
T2 Copper - - - - - 0.021 - 0.025 - - rest - 0.034

After welding, the welded joints were ground with abrasive paper, mechanically polished with a final polishing
step, comprising use of a 0.3 ym diamond paste. Macro - and microstructural characterizations of welded
samples were performed on their cross-sections by using Scanning Electron microscopy. The chemical
compositions were examined by EDS (energy dispersive spectrometry) technique.

3. RESULTS AND DISCUSSIONS

In Figures 1a, b, the macroscopic appearance of the brazed joints between copper to ferritic stainless steel
and magnesium alloy to copper are presented. Both images highlight the profile of the weld seam, resulting
from the solidification, and the width of the heat-affected zone (HAZ). At the same time, it is noted that there
are no weld defects, nor cracks, inclusions of slag or porosity.

Figure 1 Macrografic images of the brazed joints: a) ferritic steel W1.4713 + T2 Copper; b) Mg-AZ31 + T2
copper
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Figure 2a and 2b, shows SEM micrographs at the interface between Cu and the stainless steel. The curve
interface suggests the steel is melted during weld-brazing. As expected, the structure of the deposited metal
will not be influenced only by the metallurgical particularities of the filler material, considering the degree of
dilution, and that of the base material. Since the ferritic stainless steel does not have polymorphic
transformations, it is not possible to finish the granulation in the HAZ, and inside the large grains, it forms an
acicular bainite structure.
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Figure 2 Stainless steel-copper interface micrograph with location of the chemical composition investigation
area: a - in the vicinity of Cu; b - near ferritic steel

The results of EDX analysis (Tables 2a and 2b) highlight the following:

° an increase in oxygen in the adjacent portion of copper due to its high affinity to oxygen;
° the presence of iron in the concentration of approx. 3 wt% in copper, due to dilution;
° burning manganese in the adjacent portion of ferritic steel.

Table 2 Chemical heterogeneities of the ferritic steel - copper interface:

a) the area in the neighbourhood of Cu (Figure 2a) b) the area near the ferritic steel (see Figure 2b)
Element Series (Wt%) (at%) g (wt%) Element Series | (wt%) (at%) o (wt%)
Iron K 92.55 90.71 2.38 Copper K 93.29 | 83.99 2.29
Chromium K 5.90 6.21 0.18 Oxygen K 3.58 12.80 0.62
Aluminum K 0.78 1.59 0.07 Iron K 3.13 3.21 0.11
Silicon K 0.76 1.48 0.07

According to Figure 3, where the microstructure of the magnesium-copper alloy bonding zone is reproduced,
the Mg-alloy material stitch portion of the alloy has a microstructure consisting of massive a-Mg but contains
some dispersed particles in a-Mg grains, which is a typical structure of AZ31B Mg fusion welds.
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Figure 3 Interface microstructure between Mg alloy and Cu with EDX analysis area indication

EDX analyzes (Figure 3 and Table 3) highlight the formation of a new alloy in the bonding area, a phenomenon
that proves good metallurgical compatibility between the two TIG welded materials.

Table 3 Chemical composition of the joint resulting from the heterogeneous welded Cu - alloy of Mg (see
yellow area in Figure 3)

Element Series (Wt%) (at%) g (wt%)
Manganese K 0.11 0.06 0.03
Aluminum K 3.95 4.12 0.21
Silicon K 0.64 0.64 0.06
Copper K 37.16 16.45 0.86
Magnesium K 36.98 42.80 1.97
Oxygen K 19.95 35.08 2.34
Calcium K 1.22 0.85 0.06

4, CONCLUSION

This study could be a helpful document to understand the microstructure and the performance of an
Mg/stainless steel TIG welding, with an intermediate layer of Cu.

Al-Mg intermetallic compounds were generated in the irregular shaped region in the welded zone.

Because of the dilution phenomenon, the iron is present in concentrations of approx. 3 wt% in copper welding
and magnesium and copper participate in similar concentrations (about 37 %) in welding adjacent to the
magnesium alloy.
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