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Abstract— In this research, the effect of heat input, activated flux &filler rod on improving wear properties and dilution percentage was studied. 

The sample are made of 25 mm thick mild steel and hard faced with GTAW process using two type of flux TIO2, cr2o3 and filler rod HB60, 

HB65 at different heat input. The flux were used in powder form and applied on the mild steel plates like a paint strips mixed with acetone. The 

experimental results indicate that HB65 filler rod gives better result in abrasive wear with TIO2 flux at low heat input. The titanium addition 

refines the grain structure and a finer microstructure increase the wear resistance.  TIO2 flux increases the dilution percentage than Cr2o3 to base 

metal. The electrode HB 65 improve the wear resistance up to 25% than the HB60. 
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I. INTRODUCTION 

Mild steel having numerous applications in different 

industries because of its good combination of strength and 

toughness, high fatigue endurance, machine ability and 

relatively low cost. Mild steel is widely used in various 

Industries like automobile, agriculture, building construction 

and others. Mild steel having the composition    Mild steel 

parts are often failed due to wear. 

Wear is the predominant factor that controls the life of any 

machine part. Metal part often fail due to their intended use 

not because they fracture, but because they wear, which 

causes them to lose dimension and functionality.[sagar] 

wear is an important factor when determining the life of the 

component. Failure of the component could occur when it is 

worn or the dimensions are no longer within the specified 

limits or simply when it breaks. High corrosion resistance 

and superior wear resistance are generally required for hard 

facing in boiler nozzle because they are usually operated 

under the high contact stress of 5-30 Ksi. [18] 

                   Hard facing is metal working process where 

harder or tougher material is applied to the base metal. Hard 

facing is applied to new component to increases the service 

life and to repair the worn out parts. There are various types 

of welding electrodes which are used in hard facing to 

increase the wear resistance. Chromium rich electrodes are 

widely used due to low cost and availability. Complex 

carbides electrodes are also used. 

Welding is most commonly used technology ore hard 

facing. There are different type of welding processes which 

are used for hard facing like GTAW, submerged arc 

welding, metal inert gas welding and many others. The most 

important difference among these techniques lies in the 

welding efficiency and manufacturing cost. 

The implementation of activated TIG welding process 

would result in significant increase in weld penetration and 

gives a high quality weld. Tungsten inert gas welding is a 

process that melts and joins metals by heating them with an 

arc established between a non-consumable tungsten 

electrode and the metal. The inert gas goes through the torch 

body and is directed by a nozzle towards the weld pool to 

protect it from air. When welding thinner materials, edges, 

joints and flanges welder generally do not use filler material. 

However, for thicker materials, welders primarily use 

externally fed filler metal. This semiautomatic or automatic 

process allows a high deposition rate and is appropriate for 

hard facing. One approach to improve TIG penetration is to 

add small concentrations of active chemical elements, such 

as oxygen or sulfur, to the molten pool [9]. This type of 

process in which some active chemical component is added 

called active TIG welding. Due to active TIG welding the 

penetration capability is increased than the conventional 

TIG welding. Morisada (2014) reported that activated TIG 

welding can significantly increase penetration capability by 

as much as 300% compared with the conventional TIG 

welding as shown [4]. The activated flux may have two 

types of mechanisms, one based on the Marangoni 

convection effect, and the other based on weld arc behavior. 

Sanjay G. Nayee investigated that Activating fluxes TiO2 

and CR2O3 are effective fluxes for A-TIG welding. Full 

penetration A-TIG welds were reported with the use of TiO2 

and CR2O3 fluxes. Highest D/W ratio reported under TiO2 

and CR2O3fluxes compare to Normal-TIG. Li Qing Ming 

studied that when using CR2O3 arc shrinkage is the main 

aspect to increase the weld penetration. When using TiO2 

arc shrinkage plays a secondary role in weld penetration, 

change of flow direction of molten metal in molten pool 

may be the main effect. The Activated fluxes and welding 

current direction also affects the weld bead profile. The 

current may be direct with the electrode positive (reverse 

polarity), electrode negative (straight polarity), or 

alternating. As reported by various researchers, electrode 

positive polarity produces wider beads usually with more 

penetration depth and electrode negative polarity yields 

narrower beads with low penetration [10]. The amount of 

influence a given percentage of dilution will have on the 

properties of a hard facing deposit depends largely on the 

chemistry of the base material. In general, it can be stated 

that for arc welding higher currents and higher arc volts lead 
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to higher dilution rates [7]. The present investigation aims to 

study two fluxes and two commercial hard facing electrodes 

in terms of their chemical composition, microstructure, 

dilution and abrasive wear resistance using Activated 

Tungsten inert gas welding. 

II. EXPERIMENTAL PROCEDURE 

A. Materials and welding conditions 

mild steel with the chemical composition (in wt. %) of 0.16-

0.18% C, 0.40% Si, 0.70-0.90% Mn, 0.040% P, 0.040% S, 

and balance Fe was used as base metal. Plates of 25 mm in 

thickness were cut into strips of size 150×50 mm, which 

were roughly grinded with 240 grit silicon carbide abrasive 

paper to remove all impurities, and were subsequently 

cleaned with acetone prior to welding. Two commercial  

hard facing electrodes were applied onto flux coated mild 

steel plates according to the manufacturer’s directions. The 

nominal chemical composition of mild steel can be seen in 

Tables 1 and 2 show the main features and composition of 

each electrode. The deposition was carried out in flat 

position, the current and travel speed was fixed in all the 

tests and no buffer layers were used. After deposition, the 

samples were cooled in air. 

Table 2  Nominal chemical composition of hard facing electrodes 

Hard Facing 

Electrodes 

C Si Mn Cr Nb Fe 

HB65 5 1.5 - 24 7.0 Balance 

HB60 1.0 0.5 1.3 4.5 - Balance 

   

Two kinds of fluxes were used in present work one is TiO2, 

Cr2O3. Prior to welding, the flux powder was uniformly 

mixed with carrier solvent (Acetone) to form paints-like 

consistency, and was subsequently manually applied with a 

paintbrush as a sufficient layer thick to prevent visual 

observation of the base metal beneath and after that placed 

that samples in sun light for half an hour. A direct-current, 

electrode-negative power supply device was used with a 

mechanized operation system in which the welding torch  

traveled at a constant speed. Single-pass, Manual TIG 

welding was performed along the longitudinal centerline of 

the test specimen to produce a single bead-on plate weld. An 

Air-cooled torch with a standard 2% thoriated tungsten 

electrode rod with a 3.2 mm diameter was used. The 

electrode tip was a blunt point with a 45° angle. Argon of 

99.99% purity was used as shielding gas. The welding 

process parameters are mentioned in Table 3. 

                                                                    

Table 3 Welding parameters 

 

Welding Specimen Welding Current(I) Voltage(V) Welding 

Speed(mm/min.) 

Heat input per unit 

length KJ/mm. 

1 180 35 152.25 0.70829 

2 190 35 228.76 1.06421 

3 180 35 161.24 0.75 

4 190 35 239.12 1.12 

5 180 35 172.42 0.802 

6 190 35 252.36 1.174 

7 180 35 174.98 0.814 

8 190 35 258.82 1.20 

 

B. Abrasive Wear Test 

         The wear analysis for all the specimens is done on Pin 

on Disk apparatus. For calculating the wear rate, the work 

piece was weighed before and after the wearing of a pin on 

the rotating disc and the difference between the initial and 

final weight was calculated. The weighing was done on a 

weighing machine with a least count of 0.0001gm. The 

sample was mounted perpendicularly on a stationary vice 

such that its one of the face is forced to press against the 

revolving disc. A standard specimen of cylindrical shape 

having dimensions (Length-30mm, Dia-7mm) of welded 

Mild steel is prepared for the Abrasive Wear (Pin on Disk) 

test. The test is performed at Wear and Friction monitor TR-

201 machine. The different parameters of pin on disc 

rotating machine are shown in table 5. 

 

Table 5 Parameters of pin on disc machine 

 

Speed(rpm) Load(Kg) Time(min.) Disc radius(mm.) 

600 and 800 2 and 4 5 50 
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After each test only the mass loss of the specimen was 

considered as the wear. The wear rate of each specimen was 

calculated from the weight loss, the amount of wear is 

determined by weighing the specimen before and after the 

test, weighed using precision electronic weighing machine. 

Since the mass loss is measured it is converted to volume 

loss using the density of the specimen. Hence wear volume, 

wear rate and wear resistance can be calculated. 

C. Dilution Test 

The Dilution of all the specimens was studied with Weld 

Bead Geometry microscope. The specimens for Dilution 

were prepared as per ASTM standard. Specimens were 

prepared and the moulds are polished by using emery paper 

of grit 80, 120, 200, 400, 800, 1000 and 2500 and up to 

3000. These specimens were etched with Nital solution 

(mixture of 98% ethanol CH3CH2OH+ 2% nitric acid 

HNO3) and water and dried in air. The etched specimens 

were studied using Weld Bead Geometry microscope with 

software QSMIAS 4.0 version and at certain pixels their 

snap shots should be taken out. The Active contour method 

was used to calculating dilution rate. The active contours’ 

method is initiated by defining a contour around the object 

of interest in the original image. The initial contour is 

deformed due to forces acting on it, moving it towards the 

object’s borders, by successive iterations driven to minimize 

the contour’s energy. To begin the measurement of the 

dilution rate using the developed system, the user starts by 

selecting the input image. Then two points near the 

extremities of the welding metal should be selected. These 

points are used to define an ellipse for the initial snake’s 

contour. Afterward, the user applies the active contours’ 

method and waits until the region of the welding metal is 

completely outlined 

III. RESULTS AND DISCUSSION 

A. Effect of hard facing rods on Abrasion Wear Resistance 

Table 6 and Fig. 7 represent the general mass loss and 

abrasive wear resistance results from the Wear and Friction 

monitor TR-201 machine and corresponding wear resistance 

of both filler rods HB 65 & HB 60. 

 The maximum wear resistance was obtained in the 

specimens that were coated with HB 65 filler using the TIO 

flux, because titanium refines the micro structure and 

increase the hardness and wear resistance. In two types filler 

rod HB 65 gives better wear resistance than the HB 60.  Due 

to the presence of needle type carbides, in specimen welded 

using HB 65 having high hardness value and wear 

resistance. Fig. 7 shows the average wear resistance during 

wear test for specimen that was welded using HB 65 & 

Specimen that was welded using HB 60 in cm-2 × 10-6. 

Average wear resistance is calculated by total wear 

resistance in all trials divided by no. of trials. 

 

FIGURE Average wear resistance of all samples 

Table 6 Average Wear Resistance 

Filler Rod Average wear 

loss(gm.) 

Average wear 

volume(cm 

Average wear rate Average wear 

resistance 

HB 65 0.0219 2.794 0.00740 145.82 

HB 60 0.0266 3.388 0.00898 118.3065 

 

A. Effect of flux powders on Dilution % 

The Dilution test was performed by using Weld Bead 

Geometry microscope. All the specimens, firstly, were 

etched with NITAL etching solution (mixture of 98% 

ethanol CH3CH2OH+ 2% nitric acid HNO3), then dipped in 

water and after that dried in air. The Dilution should be 

calculated as: 

Dilution % = A2 / (A1+A2) 

A1 = upper contour Area from centre of weld bead; 

A2= Lower contour Area from centre of weld bead. 

The Dilution specimens were prepared according to table 7. 
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TABLE NO. 7 

Specimen 

NO. 

Flux Filler Rod Current Dilution % 

          1 CR2O3 HB 60 180 24.314 

          2 CR2O3 HB 60 190 31.19 

          3 TIO2 HB 60 180 32.51 

          4 TIO2 HB 60 190 41.84 

          5 CR2O3 HB 65 180 27.45 

          6 CR2O3 HB 65 190 35.19 

         7 TIO2 HB 65 180 36.71 

         8 TIO2 HB 65 190 42.83 

   

From table 7 it was studied that flux TiO2 at high input 

having maximum dilution%. Among the two fluxs the TiO2 

having the higher dilution% than the CR2O3.This was 

because of that when using CR2O3, arc shrinkage is the main 

aspect to increase the weld penetration. When usingTiO2, 

arc shrinkage plays a secondary role in weld penetration, 

change of flow direction of molten metal in molten pool 

may be the main effect [8]. The fig. 12 shows the % dilution 

difference between both fluxes TiO2 & CR2O3. 

IV. CONCLUSIONS 

The hard facing of mild steel is done at two different heat 

input. The wear resistance and hardness of the specimens 

increased at low heat input but dilution percentage is 

increased at high heat input than low heat input, because at 

high heat input more material is melted. 

Welding of mild steel is done using two types of activated 

flux CR2O3 and TiO2. The activated flux tio2 increase the 

wear resistance and dilution% than the CR2O3 because 

titanium refines the microstructure and increase the hardness 

A. Wear resistance of specimen that was coated with HB 65 

dominated over HB 60. This was because of that specimen 

treated with hard facing filler rod HB 65 having carbides in 

needle shaped form and also having refined grain structure 

that results in showing good wear properties and also 

improved wear resistance up to 25% than HB 60.  

B. Dilution% of specimen that was coated with flux TiO2 

dominated over flux CR2O3. This was because of that flux 

TiO2 was having deeper depth of penetration than flux 

CR2O3 and welding current also effects the dilution. When 

using CR2O3, arc shrinkage is the main aspect to increase 

the weld penetration. When using TiO2, arc shrinkage plays 

a secondary role in weld penetration, change of flow 

direction of molten metal in molten pool may be the main 

effect. In TiO2 flux, the heat input required should be high to 

vaporize the flux powder from surface of welded specimen 

as the current increased, more and more TiO2 powder is 

evaporated and improves the Dilution up to 80% than 

CR2O3. 

ACKNOWLEDGEMENT 

The authors are grateful to welding lab Guru Jambheswar 

university of Science and technology Hisar and SGS 

Laboratory, Gurgaon for helping in the research project. 

REFERENCES 

[1] Pal K., Kumar V. (2014) “Effect of Activated TIG 

Welding on Wear Properties and Dilution Percentage in 

Medium Carbon Steel Welds.” International Journal of 

Emerging Technology    and Advanced Engineering  

Volume 4, Issue 8,). 

[2] Yang J., Tian J., Hao F.,Dan T., Ren X.,Yang Y., Yang 

Q. (2014) “Microstructure and wear resistance of 

the hypereutectic Fe–Cr–C alloy hardfacing metals with 

different La2O3 additives”. Applied Surface 

Science, Volume 289, 15 , Pages 437-444. 

[3] Singla S., Kang A.S., Grewal J.S., Cheema G.S. (2014) 

“wear behavior of weld overlays on excavater bucket 

teeth.” Procedia Materials Science, Volume 

5, 2014, Pages 256-266. 

[4] Yoshiaki Morisada, Hidetoshi Fujii, Ni Xukun (2014),‖ 

Development of simplified active flux tungsten inert gas 

welding for deep penetration‖ Materials and Design 54, 

pp 526–530. 

[5] Mohammadnezhad.M,  Javaheri V., Shamanian M.,  

Naseri M.,  Bahrami M.(2013) “Effect of vanadium 

addition on microstructure, mechanical properties and 

wear resistance of Ni-Hard4 white cast iron.” 

Material&Design, Volume 49, Page 888-893 

[6] Liu D., Liu R.,Wei Y.,Yan Ma, Kun Zhu(2013) 

“Microstructure and wear properties of Fe-15Cr-2.5Ti-

2C-Xb wt.% hardfacing alloy.” Applied Surface Science, 

Volume 271 Page 253-256. 

[7] Hari Om and Sunil Pandey (2013),‖ Effect of heat input 

on dilution and heat affected zone in submerged arc 

welding process‖ Sadhana Vol. 38, Part 6, pp. 1369–

1391.c Indian Academy of Sciences. 

http://www.ijrmee.org/


International Journal on Recent Technologies in Mechanical and Electrical Engineering (IJRMEE)                                         ISSN: 2349-7947 

Volume: 2 Issue: 9                                                                                                                                                                            044 - 048 

_______________________________________________________________________________________________________________________ 

48 

IJRMEE | September 2015, Available @ http://www.ijrmee.org                                                                 

______________________________________________________________________________________________________________ 

[8] H. Y. Huang (2013),‖ Evaluation of TIG flux welding on 

the characteristics of stainless steel‖ Powder Technology 

233, pp 72–79. 

[9] Sagar A., Purohit G.K. (2012) “Some Studies on Mig 

Hardfacing Of Mild Steel Components.” International 

Journal of Engineering Research and Development, 

Volume 4, Issue 8 , PP. 42-56 

[10] Dongjie Li, Shanping Lu, Wenchao Dong, Dianzhong Li, 

Yiyi Li (2012),‖ Study of the law between the weld pool 

shape variations with the welding parameters under two 

TIG processes‖ Journal of Materials Processing 

Technology 212, pp 128– 136. 

[11] Subodh Kumar, A.S. Shahi (2011),‖ Effect of heat input 

on the microstructure and mechanical properties of gas 

tungsten arc welded AISI 304 stainless steel joints‖ 

Materials and Design 32, pp 3617– 3623.  

[12] Hani Aziz Ameen, Khairia Salman Hassan and Ethar 

Mohamed Mubarak (2011),‖ Effect of loads, sliding 

speeds and times on the wear rate for different materials‖ 

American Journal Of Scientific & Industrial Research. 

[13] M. Kirchgabner , E. Badisch , F. Franek (2008),‖ 

Behavior of ironbased hard facing alloys under abrasion 

and impact‖ Wear 265, pp 772–779 

[14] Li Qing-ming, Wang Xin-hong, Zou Zeng-da, Wu Jun 

(2007),‖ Effect of activating flux on arc shape and arc 

voltage in tungsten inert gas welding‖ Trans. Nonferrous 

Mat. Soc. China 17, pp 486- 490. 

[15] M.F. Buchely, J.C. Gutierrez, L.M. Leon, A. Toro 

(2005),‖ The effect of microstructure on abrasive wear of 

hard facing alloys‖ Wear 259, pp 52–61 

[16] S.C. Juang, Y.S. Tarng (2002),‖ Process parameter 

selection for optimizing the weld pool geometry in the 

tungsten inert gas welding of stainless steel‖ Journal of 

Materials Processing Technology 122, pp 33–37. 

[17] Paulo J. Modenesi, Eustaquio R. Apolinario, Iaci M. 

Pereira (2000),‖ TIG welding with single-component 

fluxes‖ Journal of Materials Processing Technology 99, 

pp 260-265 

[18] Kumar M. and Gupta R. C. (1995), Abrasive wear 

characteristics of carbon and low alloy steels for better 

performance of farm implements, Journal of material 

science and technology 74, pp. 91 – 96.  

[19] Gulyaev A. (1980), ―Physical Metallurgy, 5th Edition, 

Mir publishers, Moscow, pp – 173.  

[20] Rao P. N. (2003), ―Manufacturing Technology‖ 2nd 

Edition, Tata McGraw Hill Publisher, New Delhi 28, pp, 

13 – 20. 

http://www.ijrmee.org/

