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Abstract 

The paper looks on the effect of welding consumables on the microstructure of a welded mild steel. Steel is an 

alloy of iron and carbon and it is usually cast into malleable form. Welding is the process of coalescing materials 

such as metals or thermoplastic in order to seamlessly join them. The welding processes undertaken in this work 

were shielded metal arc welding (SMAW) and the electrodes used were E6013 and E7018 and oxy-accetylene was 

used with mild steel filler metal. Preparation of test samples and the methallurgical phenomena involved were 

carried out using the required equipment. The effect of welding on the microstructure of a welded mild steel and 

microstructural examinations were also studied and presented. The results of the study are shown in picture form 

and discussions and conclusion were also given. 
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1.0 Introduction 

1.1 Background of the Study 

Steel is an alloy of iron and carbon and it is initially cast into a malleable form, and it can be changed in shape by 

forging, rolling or other mechanical processes. The difference between steel and cast iron is that steel do not 

contain graphite or free carbon. Carbon exist in small quantity in ferrite and majority in cementite. There are 

different types of steel but we are to deal majorly on mild steel. 

Mild steel is a type of steel containing a small percentage of carbon, strong and tough but not readily tempered. It 

is also known as plain carbon steel and low carbon steel. It is the most common type of steel because its price is 

relatively low % while the material properties are acceptable for many applications. Mild steel contains 

approximately 0.05-0.25% carbon, making it malleable and ductile. It has a relatively low tensile strength but it is 

cheap and easy to form, its surface hardness can be increased through carburizing. 

It's often used when large quantities of steel are needed for example structural steel. The density of mild steel is 

approximately 7.85g/cm and the Young modulus is 200GPa. Low carbon steel contains less carbon than other steel 

and are easier to cold form, making them easier to handle. This has given them an advantage compared to other 

nation since it was used in making weapons (Sacks and Bonhart, 2005). Low carbon steel is a type of steel that 

contains fine grains and it started being designed since the 19th century. Low carbon steel can be classified when 

the carbon content is lower than 0.2 percent (American Society for Testing and Materials 2001). Low carbon steel 

is widely used in fabrication industry due to excellent weight ratio and one of the applications are in automobile 

mailto:benjaminnnachi2@gmail.com


Nnachi & Jasper (2021) 

                                                                                         51                  benjaminnnachi2@gmail.com                                                                
 

industry (Khodabakhshi et al, 2011). This material is suitable to use in automotive industry because it can absorb 

high impact force without cracking. This happens because it has low carbon which makes it a ductile material 

compared to high carbon steel that is more brittle and easy to crack although it has more strength. Steel is an 

important engineering material. It has found applications in many areas such as vehicle parts, truck bed floors, 

automobile doors, domestic appliances etc. It is capable of presenting economically a very wide range of 

mechanical and other properties. Traditionally, mechanical components has been joined through fasteners, rivet 

joint etc. In other to reduce time for manufacturing, weight reduction and improvement in mechanical properties, 

welding processes is usually adopted. 

1.2 Welding electrode 

An electrode is a metal wire that is coated. It is made out of materials with a similar composition to the metal being 

welded. There are covered electrodes and also bare electrodes. Tungsten electrodes are not part of covered 

electrodes, it contains 2% cerium or thorium and have better electron emissivity, current-carrying capacity and 

resistance to contamination than pure tungsten electrodes. Tungsten inert gas (TIG) electrodes are non-

consumables as they do not melt and become pan of the weld, and it require the use of a welding rod. The manual 

inert gas (MIG) welding electrode is a continuously fed wire referred to as wire. 

As a result, arc starting is easier and the arc is more stable. The electron emissivity refers to the ability of the 

electrode tip to emit electrons. A lower electron emissivity implies a higher electrode tip temperature is required 

to emit electron and hence a greater risk of melting the tip. Covering electrodes are electrodes that are used in 

shielded metal arc welding process (SMAW) and they are covered with flux. This type of electrodes are 

consumable, meaning they become part of the weld. 

1.3 Objectives 

The main purpose of this work is to study the effect of welding consumables on the: microstructure of welded mild 

steel, and other objectives are: 

 To study the microstructure of the weld using metallurgical microscope or optical microscopy. 

 To   study   the   effect   of the   different   welding   consumables   on   the microstructure on the weld 

using different welding variables. 

2.0 Literature Review  

2.1 Welding Process 

Steel can be readily welded using a variety of processes such as arc welding, Gas Metal Arc Welding (GMAW), 

Gas Tungsten Arc Welding (GTAW), pulse arc, Oxy- Gas welding (oxy-hydrogen and oxyacetylene), etc. but in 

this work, Shielded Metal Arc Welding (SMAW)  may used to produce all experimental weld metal analyzed in 

this work..  

2.2 Welding Consumables 

However, during the heating and cooling cycles of a welding process, the base material as well as weld material 

undergoes changes in mechanical properties and microstructure. The extent of these changes in the properties that 

occurred due to welding depends on the selection of different welding parameters. The proper selection of welding 

parameters is required for obtaining good results related with the physical, chemical and mechanical behavior of 

the materials. Hence it is essential to study the effect of different welding parameters on the mechanical properties 

and microstructure of the material after welding. Some of the welding consumables are filler wire for oxy-acetalin 

and electrode etc. 
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2.2.1 Filler wires (or metals) 

A welding filler wire is a slim metallic rod that is ignited to generate a heated arc for the purpose of fusing metal 

pieces together (welding) by rendering the wire soft through hammering or compressing under an applied heat 

source. When welding of metal together, you often have to leave a space between the joint, 

The material that you add to fill this space is during the welding process is known as the filler material. The welding 

rod refers to a form of filler metal that does not conduct an electric current during the welding process. The only 

purpose of a welding rod is to supply filler metal to joint. This type of filler metal is often used for gas welding. 

2.2.2 Electrode 

Electrode selection is critical to ease of clean up, weld strength, bead quality and for minimizing any spatter. 

Electrodes need to be stored in a moisture free environment and carefully removed from any package (following 

the directions to avoid damage). 

2.2.3 Covered Welding Electrodes (Consumables) 

When molten metal is exposed to air, it absorbs oxygen and nitrogen, and becomes brittle or is otherwise adversely 

affected. A slag cover is needed to protect molten 

or solidifying weld metal from the atmosphere. This cover can be obtained from the electrode coatings. 

The composition of the welding electrode coatings determines its usability, as well as the composition of the 

deposited weld metal and the electrode specification. The formulation of welding electrode coatings is based on 

well-established principles of metallurgy, chemistry and physics. The coating protects the metal from damage, 

stabilizes the arc, and improves the weld. 

2.3 Effect of welding on the microstructure of a welded mild steel 

The structural features such as grain and phase structure which are subjected to microscopic observation are called 

microstructure. Microstructure is very useful in the study and characterization of materials. 

Various microscopic techniques used are optical microscopy, scanning electron microscope etc. 

3.0 Methodology  

3.1 Materials and Methods 

This chapter deals with the experimental steps taken to obtain values, data, results and the microstructures. The 

first stage of this work was the material collection which was done in Akanu Ibiam Federal Polytechnic, Unwana, 

Afikpo. 

The second stage was the fabrication or welding of these metals using different welding processes and consumables 

which were also done inside fabrication workshop and the final stage was microanalysis, 

3.2 Materials and the Equipment Used 

The following materials and equipments were used to carry out this experimental 

work: 

(a) Mild steel plate    (g) Cutting disc 

(b) Welding machines    (h) oxy-acetylene gas 

(c) E6013 electrodes (mild steel)   (i) Filler wire for oxy- acetylene 
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 (d) E7018 electrodes (low hydrogen)  (j) Polishing machine 

(e) Grinding disc     (k) Grinding machine with abrasives 

(f) Grinding machine    (i) Metallurgical microscope  

 

3.3 Welding of the Metal 

The cutting of this metal was done using oxy acetylene cutting to cut out the required dimensions which is 

80mmx220mm , the thickness of the plate is 14 guage (1.8 mm) and it was beveled and prepared as butt joint. The 

welding of this metal was done using shielded metal arc welding (SMAW) and oxy- acetylene gas welding. The 

process of SMAW was carried out using two welding consumables which are, E6013, E7018 and they are, rutile 

and low hydrogen electrode, for the filler wire used for oxy-acetylene is mild steel.  

 

 

Figure 1:  Different electrodes used.  

Table 1: Chemical composition of a mild steel plate 

c% Si% Mn% Nb% Al% Mo% P% Ti% S% 

0.19 0.25 0.4 0.05 0.09 0.009 0.025 0.03 0.015 
 

Table 2: Chemical composition of electrode 6013 

E7018 C Mn Si P S Ni Cr Mo V 

% 0.028 0.560 0.330 0.016 0.010 0.022 0.047 0.01 0.014 
 

 

Table 3: Chemical composition of electrode 7018 

E7018 C Mn Si S P Cr Ni Mo Nb Cu :   V 

% 0.085 1.138 0.294 0.015 0.025 0.033 0.041 0.093 0.008 0.032 0.016 
 

Table 4 Chemical composition of filler wire 

Filler C Si Mn P S Cr Ni Mo Cu 

% 0.13 0.34 1.8 0.013 0.006 0.05 0.02 0.01 0.04 
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4.0 Experimental Procedure  

4.1 Preparation of test samples. 

This process has to do with cutting off the braces and run off plate and it was grinded and power brushed for it to 

be clean before carrying out the test which is micro-structural test (using metallurgical microscope) 

4.2 Welding of Steel 

Welding is a method of joining metals by coalescences of surface in contact. This is achieved by either melting 

the two parts a process known as fusion welding or by solid phase joining the two parts that are brought together 

under pressure and heat is applied. This forms a metallic bond across the interface. 

4.2.1 Metallurgical Phenomena Involved 

Since the advent of welding technology it has been extensively used as fabrication process.   It   involves   many   

metallurgical   phenomena.   Weld   metallurgy   is considerably affected by the following phenomena: 

(a) The base metal and the filler metal if used solidify as an integrated mass under the equivalence of chill 

casting conditions. This causes redistribution of the micro constituents and the alloying elements in the 

weld metal zone. 

(b) The  base  metal  is  subjected to complex heat treatment in the  form of temperature gradient extending 

from high temperature to room temperature and followed   by   a  cooling  cycle   induced  by  the  

neighboring  cold  metal   and atmosphere. 

(c) The temperature and the phase change that takes place in and around the weld introduces volume change 

which result in the plastic flow, residual stresses and sometimes cracking too. 

4.2.2 Parent Metal (Unaffected) 

It is adjacent to heat affected zone in the parent metal that is not heat up sufficiently to change its microstructures. 

4.4.3 Heat Affected Zone (HAZ) 

Between parent metal and weld metal is the heat affected zone which is composed of parent metal that does not 

melt but it is heated to a high temperature for sufficient time. This results in grain growth which changes 

mechanical properties and microstructure. Heat affected zone consists of series of graded structures and contains 

variety of microstructures. In plain carbon steels their structures range from hard martensite to coarse pearlite. This 

cause HAZ to be weak in the weakest area in the weldments. Most of the weld failure occurs in this region. 

4.4.4 Weld Metal Zone 

Weld metal zone is formed as the weld metal solidifies from molten state. This mixture of parent metal and the 

filler metal, the ratio depending upon the welding process used, the type of joint, the plate thickness etc, welding 

zone microstructure changes with cooling rate. Depending upon the composition, a martensite structure in the weld 

indicates a very fast cooling, fine pearlite and coarse pearlite shows comparatively cooling rates. Properties of 

weld metals are greatly influenced by the type of microstructure and grain size. Fine grained materials normally 

have higher strength and are more ductile than similar coarse grained materials. 

It is often intended to achieve fine grain structure in the weld bead because fine grain help improve mechanical 

properties like ductility and toughness of weld metal. 
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Welds are small castings except that weld metal often cools much more rapidly. Microstructure variation due to 

input and thermal stress may lead to cracking. The possibility of entrapment of gases or imperfections, depend 

upon the welding process, welding conditions, welding consumables etc. 

4.3 Metallography 

Metallography is the study of the internal structure of metals and alloys under microscopic and different 

magnification. Useful information or grain size, shape distribution and with the percentage of various constituents 

in the structure can be obtained by metallographic technique. 

Preparation of a sample is necessary for revealing the microstructure of the given specimen after the different 

weldings have been carried out with the different consumables. These preparation processes involves the 

following: - 

- Cutting 

- grinding, 

-  polishing and 

-  etching. 
 

4.3.1 Sample Cutting 
There are several cutting techniques available in metallography but the most used sectioning device in 

metallography is the abrasive cut off machines. They range from small, thin sectioning machines employing 

abrasive or diamond rimmed wheels approximately four inches in diameter and a few mills thick to large floor 

model machines employing abrasive or diamond rimmed wheel up to 12inches in diameter and 1/16 inches thick. 

An advanced design to automatic cut off machine for laboratory use employs abrasive wheels 6-12 inches in 

diameter. 
 

 

4.3.2 Sample Grinding 

Grinding is the most important operation in specimen preparation. During grinding, one has the opportunity of 

minimizing mechanical surface damage that must be removed by such subsequent polishing operations. Even if 

sectioning was done in a careless manner resulting in severe damages, the damage was eliminated by prolonged 

grinding. 

Grinding was accomplished by abrading the specimen surface through a sequence of operations using 

progressively finer abrasive grit. Grit sizes ranges from 40 mesh to 150 mesh are usually regarded as coarse 

abrasive and grit sizes from 180 mesh through 600 mesh are fine abrasive. Grinding commenced with coarse grit 

that established an initial flat surface and removed the effect of sectioning within few minutes. 

The purpose of grinding is to lessen the depth of deformed metal to the point where last vestiges of damages can 

be removed by series of polishing steps. Grinding may be either carried out manually or on a grinding wheel. 

4.3.3 Sample Polishing 

Sample Polishing was the final stage which was carried out on a rotating disk covered with sylvet or a silicon 

cloth, which was soaked in water, sprinkled with slurry of aluminium or calcined magnesia. The disc rotated at the 

speed of 100-400 rpm. When the polished surface of the samples became scratch free and mirror like, it was then 

taken for etching. 
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4.3.4            Sample Etching 

The internal structure of the metal or alloy becomes apparent under microscope only after etching. This is due to 

the fact that chemical attack varies from phase to phase. These phases are distinguished separately under 

microscope. Grain boundaries are attacked more easily and at a faster rate by etchant. Therefore they looked as 

thin dark lines under microscope. 

A wide variety of etchant are available including acid, base, neutral solution, mixture of solutions and gases. The 

stability of many etching solution is limited; redox potentials change with time. Changes may also occur while the 

etchants is in use such that it must be discarded after a limited time. 

Variety of etchant include: 

Name    Formular  Name    Formular 
Acetic acid   CH3COOH  Ethanol   CH4 

Ammonia   NH3   Ammonium Chloride  NH3CL 

Ammonium Hydroxide NH3OH  Hydrofluoric acid  HF 

Nitric acid   HNO3   Caustic soda   NaOH 

 

The etchant used in this sample preparation is nitric acid and the etching times ranged from several seconds to 

some hours, when no instructions are given. Progress was judged by the appearance of the surface during etching. 

Usually, the surface will become less reflective as etching proceeds. Etching time and temperature are closely 

related by increasing temperature. 

5.0 Results 

5.1  Microstructural Examination 

 
Figure. 2 Microstructure for  HAZ for Filler wire 

 

Figure 3 Microstructure for weld metal filler wire  
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Figure 4 Microstructure for HAZ  E6013 

 

Fig. 5 Microstructure for weld metal E6013 

 

Figure 6 Microstructure for HAZ  E7018 

 

 Figure 7 Microstructure of the weld metal for E7018 
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Figure 8 Microstructure of weld metal for E6010 

6.0 Discussion 

The micro-structural examinations were carried out on the test specimens representing different compositions of 

mild steel plate and the various consumables used. 

6.1 Discussion on Microstructure Examination 

The weld metal microstructure of fusion welded joints is greatly influenced by the chemical composition of filler 

metal and the heat input of the process. In general, higher heat input leads to slower cooling rate which results in 

the fine grains in weld metal. However, lower heat input leads to fast cooling rate which results in coarse 

microstructure. Though the lower heat input can produce coarse grains compared to higher heat input, the intrinsic 

nature of the process of the higher heat input also plays major role in refining the weld metal microstructure. Of 

the three processes used in this investigation, the SAW process supplies higher heat input to the weld region 

compared to SMAW and FCAW processes respectively. The microstructure of the base metal consist of ferrite 

and pearlite and for E6010 of the weld metal we have a fine grains of ferrite and pearlite while the heat affected 

zone for E6010 has coarse grain of ferrite and martensite and this is as a result of the type of cooling that takes 

place on each of the metal. For E6013 we also have ferrite, martensite and pearlite, the grains are coarse and not 

fine and it depends on the type of cooling which takes place. For E7018 also consist of grains of ferrite and 

martensite at the heat affected zone due to lower heat input which resulted in maximum hardness values while at 

the weld metal we have pearlite and ferrite which indicates which was as a result of high heat input. These are the 

microstructure for the welding consumables for shielded metal arc welding (SMAW) because they were varied. 

Moreover, filler metal addition also played vital role in welded metal microstructure. 

7.0               Conclusion 

Microstructure of steel is a very important deciding factor when it comes to its properties and behaviour. It is 

obvious from this report that the cooling rate during the welding process, composition of weld metal and the type 

of welding process plays a vital role in the formation of the different form of microstructures in the weld metal. 

This report illustrates that the weldability of mild steel is quite good and the role of composition of mild steel in 

achieving so. It also gives an idea about the various changes that occur to the microstructure of the mild steel 

during the arc: welding process. 

Only one type of filler wire was used for the welding processes and with various consumables for the filler wire. 

In conclusion the microstructure of SMAW was determined and the use of E7018 low hydrogen electrode was 

considered to be the best in the welding of mild steel. 
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