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CHAPTER (1) 

INTRODUCTION 

 

 
The gas metal arc welding process is one of the important components in many 

industrial operations. GMAW processes, with its either solid or flux-cored welding wires, 

have become popular, because of high quality and economical welds that can be obtained, 

and due to its considerable potential for automation and robotization. 

The used shielding gases have an important function, in GMAW and FCAW 

processes, is to exclude the atmosphere from contact with the molten weld metal. This is 

necessary because most metals, when heated to their melting point in air, exhibit strong 

tendency to form oxides and, to a lesser extent, nitrides. Oxygen will also react with 

carbon in molten steel to form carbon monoxide and carbon dioxide. These varied 

reaction products may result in weld deficiencies, such as trapped slag, porosity, and 

weld metal embrittlement. Reaction products are easily formed in the atmosphere unless 

precautions are taken to exclude nitrogen and oxygen. 

 Carbon steels are widely used in various industries, as they possess a 

combination of properties like high strength and ductility, good formability and versatile 

fabricability. Because so many varieties of carbon steels are available, a wide range of 

desirable properties is achievable and they can be used in many different applications, 

such as power generation, structures such as structural buildings, bridges, and offshore oil 

rigs, and in many commercial products, such as automobiles. Nowadays rationalization of 

welding processes increasingly demands GMAW and flux cored arc welding (FCAW) for 

carbon steel applications. Pure CO2 and Ar/CO2 mixtures are mainly used as a shielding 

gas at present. The selection of shielding gas for carbon steel welds depends on the 

influence of the shielding gas on the weldability, the weld bead geometry and appearance, 

the generation of porosity and also their related effects on the mechanical properties.  

Previous studies were directed to examine the effect of shielding gases on 

weldment properties in case of solid wire GMAW process. Thus, this study aims to 

examine how different shielding gas mixtures influence the microstructure and 
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mechanical properties of steel 37-3 carbon steel welds using semi-automatic FCAW 

process, the interaction between flux as a source of the alloying elements and shielding 

gas during arcing is predicted to have effect on the mechanical and metallurgical 

properties of deposited weld metal. 

The shielding gases used for this study were: 

1. Pure Argon (Ar). 

2. Pure Carbon dioxide (CO2). 

3. Argon – Carbon dioxide mixture (95% Ar – 5% CO2). 

4. Argon – Carbon dioxide mixture (90% Ar – 10% CO2). 

5. Argon – Carbon dioxide mixture (82% Ar – 18% CO2). 

6. Argon – Carbon dioxide mixture (80% Ar – 20% CO2). 

7. Argon – Carbon dioxide mixture (75% Ar – 25% CO2). 

8. Argon – Carbon dioxide mixture (50% Ar – 50% CO2). 

This thesis is organized as follows: 

Chapter 2 deals with a survey of the previous literature of: 

1. Fusion welding processes and some electric arc welding aspects. 

2. Shielding gases: types, functions, effects of their compositions on the metal   

transfer modes, bead geometry, penetration pattern, and their influence on 

microstructure, mechanical properties of carbon steel welds, in case of solid 

and flux cored wire welding. 

3. Metal transfer mechanisms for GMAW. 

4. FCAW process. 

5. Carbon steels and their types and their weldability. 

6. Weld material (flux cored wire). 

Chapter 3 deals with the description of the experimental work carried out at the 

Central Metallurgical Research & Development Institute (CMRDI). The setup of welding 

of test pieces and testing of test specimens are described in this chapter, as well as the 

material constituents and equipment. 
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The experimental results are being presented and discussed in Chapter 4. The 

discussions of the test results are based on comparisons between the effects of different 

shielding gas compositions on the properties of steel 37-3 carbon steel welds. 

Chapter 5 provides the concluding remarks and recommendations.    

 


