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ABSTRACT 
In this present work an attempt has been made to increase the strength of the steel specimen with the increment of 

carbon percentage using TIG welding process. The present research done by merging welding and brazing process 

together, whereas the specimens were prepared by considering parameters like end clearance, welding temperature, 

filler material etc... After welding, the specimens are subjected to microstructural characterization using SEM & 

EDAX and evaluated in the region of a welded, heat affected zone. Also physical properties are evaluated by Brinell 

hardness test which shows significant improvement in the physical properties. 
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1. INTRODUCTION 

Welding is a fabrication or sculptural process that joins materials, usually metals or thermoplastics, by using 

high heat to melt the parts together and allowing them to cool causing fusion. 

TIG welding is an arc welding process that uses a non-consumable tungsten electrode to produce the weld. The 

weld area is protected from atmosphere by an inert shielding gas (argon or helium), and filler metal is normally 

used. The power is supplied from the power source (rectifier), through a hand piece or welding torch and is 

delivered to a tungsten electrode which is fitted into the hand piece. An electric arc is then created between the 

tungsten electrode and the work piece using a constant-current welding power supply that produces energy and 

conducted across the arc through a column of highly ionized gas and metal vapours. The tungsten electrode and 

welding zone are protected from surrounding from the surrounding air by inert gas. The electric arc can produce 

temperatures of up to 20,000℃ and this heat can be focused to melt and join two different part of material. The weld 

pool can be used to join the base metal with or without filler material. 

F. Madadi and M. Shamanian et..al investigated on the cladding on top of the composite, the tungsten inert gas 

(TIG) surfacing process was carried out in two, pulse and constant current modes to produce Satellite/WC composite 

claddings. To evaluate the coating, phase composition, microstructure, hardness and wear behaviour of the clad 

layers were investigated. The results showed that the microstructure of the cladding was composed of a hypoeutectic 

structure (γ+(γ+WC)). The added WC was completely melted into the weld pool and the solidified structure 
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contained α-Co, σ-CoCr and some types of carbides. It was indicated that the use of pulsed current leads to a 

decrease in dilution and formation of a finer microstructure having higher hardness. Several significantly different 

solidified microstructures were characterized by dendrites, eutectics and faceted dendrites in the claddings. The 

faceted dendrites contained the majority of was well as Cr and Co while the matrix had higher Cr and Co content. 

The presence of faceted dendrites caused improvement in wear behaviour of claddings, with more WC content 

introduced, more faceted dendrites was obtained.[1] 

 

 

2. EXPERIMENTAL DETAILS 

2.1 Raw Materials Used: 

The following materials have been used in welding AISI 304 steel cladded with tungsten Carbide (WC) by 

TIG welding. 
2.1.1 Composition of each steel: 

Table 2.1: Chemical Composition of AISI 304 steel in Wt% 

Grade C Mn Si P S Cr Ni N Fe 

304 

Max 

Min 

 

0.7 

 

2.0 

 

0.75 

 

0.045 

 

0.03 

 

17.5 

19.05 

 

8.0 

10.5 

 

0.10 

 

Bal 

 

The grade steel with the series of AISI 304 was procured from the industry with a dimension of 

150×32×32mm and set for the welding operation. For the application of the parameters considered the specimen was 

grinded with an angle of 45˚ to use as a raw material for the welding process. 

 

Figure 2.1: Grinded Specimen 

 

2.1.2 Cladding Process adopted 

In the present work the cladded material used is tungsten carbide with particle size of 3-5µm size by mixing 

it with silver brazing flux and made a layer of 1mm thickness and allowed for settled/dried for small duration and 

the testing for both with coating and without coating has been performed. 
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Figure 2.2:  WC cladded specimen 

 

 
Figure 2.3: Performing the Welding operation 

 

Table 2.2: Properties of Tungsten Powder 

Chemical formula WC 

Density 15.63 g/cm3 

Melting point 2785-2830 ℃ 

Boiling point 6000 ℃ 

Thermal conductivity 110 W/(m-K) 

Heat capacity 39.8 J/(mol-K) 

Young’s modulus 530-700 GPa 

Grain size 3-5µ 

 

2.2 Process Parameters Considered. 

In order to establish the working range before coating the input parameters that has to be considered for 

welding process, experiments were conducted by providing clearance between two stainless steel bars. The process 

is carried out in constant current mode, constant temperature, and welding speed and with a particular time taken for 

welding. 
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Table 2.1: Parameters of Welding Process 

 

 

 

 

 

 

 

 

 

 

 

3. METHODOLOGY 

 

 

 

                                              

 

 

  

                                                                         

 

 

 

 

 

 

 

 

The dimension of 150mm×32mm×32mm is the raw material used. The material is grooved and then 5gm of 

Brazing flux was mixed with 10ml of water to make fine paste which is used as a bonding agent and then the WC of 

3-5 microns is cladded on the specimen. Then the specimen is allowed to dry the coated flux and then TIG welding 

process is done with the use of 308L as the filler material and the material is chopped into 62mm×15mm×15mm for 

coated and non-coated material for hardness, SEM & EDX tests. 

Parameters Range 

Current 60-100 amp 

Scan speeds 1.01-7.15 mm/s 

Voltage 10-20 V 

Shielding gas Argon 

Current type DC 

Electrode diameter 2.4 mm 

Electrode – workplace distance 3mm 

Temperature 85-150 ℃ 

Argon gas flow rates 12.0 L/min 
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Table 3.1: Heat input during TIG welding (without coating) 

Item Current (amp) Scan speed (mm/s) Heat input (J/mm) 

1 100 3.13 (Single pass) 313 

2 100 7.74 (Multi pass) 774 

 

Table 3.2: Heat input during TIG welding (with coating) 

Item Current (amp) Scan speed (mm/s) Heat input (J/mm) 

1 100 3.39 (Single pass) 339 

2 100 5.38 (Multi pass) 538 

 

3.2 Specimen Preparation for Testing:  

Preparation of substrate for coating and non-coating: AISI 304 stainless steel of dimensions 

62mm×15mm×15mm. The surface of samples were grinded with surface grinder for producing groove. 

 

 
 

   Figure 3.1: Cutted specimen of AISI 304 without 

coating (62mm×15mm×15mm) 

 

Figure 3.2: Cutted specimen of AISI 304 with coating 

(62mm×10mm×10mm) 
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Figure 3.3: Cut Specimen without coating for SEM 

and EDAX  

 

Figure 3.4: Cut Specimen with coating for SEM and 

EDAX  

 
 

3.3 Brinell testing machine 
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Figure 3.5: Brinell Hardness Testing Machine 

Brinell hardness test was conducted on uncoated and coated specimen of AISI 304 (62mm×15mm×15mm), 

was tested by using the ball indenter of diameter 2.5mm by the application of load 187.5 kg/cm
2
. The indentation are 

taken on 6 side of specimen, 2 on welded section, 2 on heated affected zone and 2 on unheated zone. 

4 RESULTS AND DISCUSSION 

 

4.1 Hardness Testing 

 Hardness testing was conducted to all the specimens of the welded grade steels with coating and without 

coating. Brinnell hardness testing is adopted to find the physical properties of the samples. Hardness was conducted 

over 06 different location on each welded region, Heat affected zone and unheated zone and in each the average 

value is tabulated in Table  

 It is observed from the hardness table that incremental in physical strength found in welded and heat 

affected zone region in all the passes. When it is compared with single pass and multi pass region, single pass region 

shows better hardness over multi pass. When comparison done between different grade steels with only welded 

region with constant pass grade steel AISI 304 steel exhibit greater hardness. 
 

Table 4.1: AISI 304 Specimen without coating 

Clearance Region Hardness [BHN] 

 

1 mm Single pass 

Welded 285.96 

HAZ 187.23 

Unheated 125.79 

 Welded 150.67 
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2 mm Multi pass HAZ 187.23 

Unheated 155.61 

 

Table 4.2: AISI 304 Specimen with coating 

Clearance Region Hardness [BHN] 

 

1 mm Single pass 

Welded 187.23 

HAZ 171.42 

Unheated 155.61 

 

2 mm Multi pass 

Welded 170.39 

HAZ 155.61 

Unheated 143.28 

 

 
Figure 4.1: Brinell Hardness Number (BHN) Comparison for AISI 304 Steel with different parameters 

 

 

4.2 Microstructural analysis 
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 Microstructural analysis for the AISI 304 steels under various parameters are carried out. The analysis 

involves, specimen with coating & without coating and with 1mm clearance: single pass & 2mm clearance: multi 

pass. During the analysis specimens were not taken into any modifications by mixing with the chemical reagents 

like etchants or reagents. Since the main view of the work is to investigate the behavior of the steel structure with 

the addition of WC material in adopted method. Henceforth in all the analysis of SEM, EDAX is also performed to 

confirm the presence or increment of the carbon percentage in the steel material. 

 

The images listed below shows a vital representation of the steel structure with the accumulation of all the alloying 

element in majorly Cr, Ni and Mn were found. Since the total investigation is for increment of carbon percentage the 

presence were analyzed through EDAX. 

 

From the microstructure analysis it can be clearly observed that the steel specimen without coating shows the 

accumulation of minute particles in the splash form, where as in the coated specimen the welded structure resembled 

as the cast structure. In both the cases the improvement in the carbon percentage were found which leads to the 

improvement of the hardness of the steel specimen. 

  

 

4.2.1 304 grade steel without coating  

  

Parameters: 1mm clearance (single pass) & 2mm clearance (Multi pass) 

 

  

  

(a) 

(d) (c) 

(b) 
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Figure 4.2: 304 (a) Base material, (b) Base material, (c) Single pass without coating(Welded), (d) Multipass without 

coating(Welded), (e) Single pass without coating (HAZ), (f) Multipass without coating (HAZ). 

  

  

(f) (e) 

(h) 

(i) 

(g) 

(j) 
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Figure 4.3: 304 (g) Single pass without coating (Welded), (h) Multi pass without coating (Welded),  (i) Single pass 

without coating (Welded), (j) Multi pass without coating (Welded), (k) Single pass without coating (Welded), (l) 

Multi pass without coating (Welded).  

 

 

 

 

 

4.2.2 304 grade steel with coating  

 Parameters: 1mm clearance (single pass) & 2mm clearance (Multi pass) 

  

 
 

(a) 

(c) (d) 

(b) 

(l) (k) 
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Figure 4.4: 304 (a) Base material (b) Base material, (c) Single pass with coating(Welded), (d) Multipass with 

coating (Welded), (e) Single pass with coating (HAZ), (f) Multipass with coating (HAZ). 

  

  

(e) (f) 

(h) 
(g) 

(j) (i) 
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Figure 4.5: 304 (g) Single pass with coating (Welded), (h) Multi pass with coating (Welded),  (i) Single pass with 

coating (Welded), (j) Multi pass with coating (Welded), (k) Single pass with coating (Welded), (l) Multi pass with 

coating (Welded). 

 
 

 

 
 

5. CONCLUSIONS 

1. TIG welding operations on 304 grade steel have been done successfully 

2. Coating on AISI 304 steel specimen with the use of flux has completed successfully 

3. Preparation of the specimens for the physical and microstructural characterization has successfully 

completed 

4. Brinell hardness testing on welded, Heat affected zone and unwelded region for both coated and non-coated 

region has completed. 

5. Characterization using SEM, EDAX reveals the addition and incremental of carbon percentage and the 

modification in the welded structure in the similarity of cast structure. 
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