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Effect of silicon content on microstructure of AI-S1/SiC, composite layer
cladded on A380 Al alloy by TIG welding process
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Abstract: Tungsten inert gas (TIG) welding was applied to creating a composite layer on the surface of cast aluminum alloy A380.
Different mixtures of Al, Si and SiC powders mixed with sodium silicate solution were pasted on substrates. Surface melting was
conducted by TIG welding to produce Al-SiC layer on the surface. Microstructural evolution was investigated by X-ray
diffractometry (XRD), optical and scanning electron microscopy (SEM) and elemental microanalysis (EDS). Properties of clad layers
were studied by microhardness and sliding wear testing. The results showed a uniform distribution of SiC particles in dendritic
aluminum matrix. Addition of excess silicon caused the formation of eutectic crystals and coarse silicon particles in the clad layer

which resulted in higher hardness and wear resistance of clad layers.

Key words: Al-SiC; TIG welding; composite clad layer; wear resistance

1 Introduction

Aluminum and its alloys are widely used in
automotive, aerospace and petrochemical manufacturing
industries due to attractive properties like high specific
strength, excellent corrosion resistance and low density
[1,2]. Despite excellent properties, application of these
alloys is restricted because of their relatively poor wear
resistance [3].

Different technologies such as anodizing, physical
vapor deposition and electroplating have been used to
create a thin hard layer on the surface and improve the
wear behavior of the substrate [1,4,5]. These coatings are
usually thin and may break up against applied forces.
Thus, different methods of welding have been applied to
creating a thick layer with good adhesion to the substrate
[6-9]. Tungsten inert gas (TIG) welding is a promising
process, which can produce a clad layer on the surface to
enhance the surface hardness and wear resistance [10].
By the addition of strengthening particles like SiC, TiC
and AlLO;, a composite clad layer can be created on
aluminum substrate leading to higher hardness, wear
resistance and thermal stability [11]. MAN and KOWOK
[12] applied a composite layer containing SiC particles
on 6061 Al alloy using laser cladding process. According

to their X-ray diffractometry results, laser surface
melting and creation of composite layers resulted in the
formation of AlC; and AlLSIiC, phases and the
hardness was increased consequently by 7 times.
ANANDKUMAR et al [13] reported that increasing the
input heat during laser cladding of Al-Si/SiCg,
composite coatings on cast aluminum 356 substrate
caused a reaction between SiC particles and molten
aluminum, which resulted in the formation of ALSiC,4
and Si particles in the composite layer and increased the
hardness to HV270 [13].

In the present study, a composite clad layer
containing a mixture of aluminum and silicon carbide
powders was applied on the surface of cast aluminum
substrate by TIG welding process. The effect of silicon
addition on microstructure, hardness and wear resistance
of the clad layer was investigated.

2 Experimental

Cast aluminum alloy A380 with a composition of
Al—-8.5Si—3.5Cu was used as substrate material. Surface
area and thickness of the substrates were 30 mmx
100 mm and 10 mm, respectively. Al, SiC and Si
powders were employed as the constituents of cladding
material. Al powder had a particle size range of 20-40 pm
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together with micro ploughing are obvious. This can be
contributed to severe plastic deformation during sliding
and is a typical characteristic of delamination wear
mechanism. The ploughing-grooves on worn surfaces are
much shallower and finer in clad layers compared with
the substrate. Several investigators have reported the
predominant wear mechanism of Al alloys to be a
combination of abrasive wear and delamination at low
sliding speeds [24-26]. EDS microanalysis of dark areas
on Al-20SiC—7.2Si clad layer (Fig. 10(c)) reveals high O
and Fe contents, demonstrating an iron oxide transferred
layer from sliding pin to the worn surface.

4 Conclusions

A composite clad layer containing SiC particles in
Al-Si eutectic matrix was obtained by TIG welding
process. Addition of 30% SiC, resulted in the formation
of needle-shaped Al;SiC4 and a fine distribution of
acicular silicon within the matrix. Addition of 7.2% or
12% silicon to the initial powder mixture caused the
formation of eutectic crystals and coarse silicon particles
in the clad layer. Hardness increased by increasing the
quantity of SiC particles and silicon within the initial
powder mixture. The highest surface hardness and
sliding wear resistance were obtained in AI-20SiC—12Si
clad layer.
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