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In this study, ZrO2 Nano-particles to improve the geometry and increased penetration 

welding has been used on the St37 sheet, in GMAW process. In the GMAW process of 

selecting appropriate values for the input parameters necessary in order to achieve weld 

is high with appropriate geometry and penetration. Since the stress-bearing capacity of 

the weld geometry, weld quality and also has an important role in determining the 

mechanical properties of the weld. In this study, the effects of voltage, wire feed speed, 

distance nozzle to the work piece, welding speed and coating thickness of ZrO2 Nano 

particles is intended as input parameters. The first, for coating Nano particles with 

specific dimensions on the surface of parts to be coated welding operation. After welding 

the weld penetration depth was evaluated. increasing the depth of penetration of the 

active coating on the surface (Nano zirconium oxide), which place the mechanisms 

leading to increased focus and arc current density at the top of the arc. Marangoni has 

also changed from negative to positive flow direction, the depth of penetration is 

increased. The results showed that fixed taking into account the input parameters and 

increase the coverage of ZrO2 Nano-particles on the surface to thickness 0.75 mm, weld 

penetration depth compared to non-Nano scale zirconium oxide coating has been 

increased. in addition to the effect of ZrO2 nanoparticles as a coating surface-active and 

increase the depth of penetration, such particles can cause tiny inclusions inside the 

structure weld, nucleation centers has been caused for the formation of acicular ferrite. 
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1. INTRODUCTION

According to the advancement of science in the field of 

metallic nanoparticles and great achievements in this field is 

to improve the characteristics of metals such as steel. The 

welding industry is also not untouched and encouraging the 

use of nano science is inextricably reach the borders. In recent 

years, with the increasing development of manufacturing 

industries are those industries control product quality and 

efficiency. According to the welding special process involved 

in the production of tangible progress in recent years in line 

with the development of other industries, such as oil, gas, 

petrochemical, automotiveis. Among the welding processes, 

one of the most common and widely used methods for each 

method of connection GMAW (Gas Metal Arc Welding) [1]. 

Among the different methods of welding, GMAW method for 

high-speed, no limits to the welding, high deposition rate than 

other techniques, using continuous welded wire long, non-stop 

provides the possibility of welding, submerged arc method 

provides additional influence in this case, the possibility of 

creating smaller pollen that is provided with the same strength 

and good weld quality and has many applications [2]. 

1.1 Welding characteristics 

Since there are various defects in the weld metal properties 

weld metal more of the base metal is then placed greater 

importance. By changing the parameters in welding, weld 

geometry and does not change the overall goal of obtaining the 

proper geometry and penetration is high Also because the high 

volume of welding and penetration in various industries and 

important mechanical properties, mechanical properties and 

appropriate ways to increase penetration has been developed. 

So with this study is that using arc welding under shielding gas 

on carbon steel St37 mostly used in steel structures into 

account, as well as the perfect solution to increase penetration 

in the presence of nanoparticles of zirconium oxide evaluated 

It was the [3, 4].  

The complexity of the parameters of arc welding under 

shielding gas on the one hand and their widespread use in the 

manufacture of sensitive parts and costly on the other hand, 

the importance of precise control of input parameters has 

doubled. Since the welding process trying to get high 

penetration welding is considered reducing defects. History of 

powder coating to Annamay and colleagues, Paul and Mighty 

is the effect on mechanical properties and microstructure of 

TiO2 powder coating welding steels with submerged arc 

welding process was investigated. The authorities and partners 

weld metal toughness factor improved by adding nano-TiO2 

coating AWS E6010electrodes reported [5]. Paul and Mighty 

effect on the mechanical properties of nano-sized TiO2 

particles electrode type AWS E11018M discussed and 

concluded Charpy impact properties due to changes in the 

amount of titanium weld deposit has improved [6]. Aghakhani 
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et al. Effect of TiO2 on weld metal toughness submerged arc 

welding process review and concluded that the addition of 

TiO2 nanoparticles increased hardness of weld metal [7]. 

Kvlahan colleagues developed a new method for predicting 

weld bead geometry optimization was the GMAW process [8, 

9].  

 

 

2. EXPERIMENTATION AND DATA COLLECTION 

 

2.1 Design of experiments 

 

The Experiments execution always involves cost and time. 

Since there are various defects in the weld metal properties 

weld metal more of the base metal is then placed greater 

importance. By changing the parameters in welding, weld 

geometry and does not change the overall goal of obtaining the 

proper geometry and penetration is high Also because the high 

volume of welding and penetration in various industries and 

important mechanical properties, mechanical properties and 

appropriate ways to increase penetration has been developed. 

So with this study is that using arc welding under shielding gas 

on carbon steel St37 mostly used in steel structures into 

account, as well as the perfect solution to increase penetration 

in the presence of nanoparticles of zirconium oxide evaluated. 

The complexity of the parameters of arc welding under 

shielding gas on the one hand and their widespread use in the 

manufacture of sensitive parts and costly on the other hand, 

the importance of precise control of input parameters has 

doubled. Since the welding process trying to get high 

penetration welding is considered reducing defects. 

 

2.2 Experimental procedure  

 

In this study, carbon steel (St37) to dimensions mm 100 mm 

× 50mm × 8 as the base metal and filler metal (welding) of 

carbon steel with No. AWS -ER70S-6 with a diameter of 1.2 

mm construction companies but is used. The chemical 

composition of the base metal and filler metal, respectively, in 

Table 1 and 2 is shown. The chemical composition of the base 

metal and filler metal, respectively, in Table 1 and 2 is shown. 

Powder particles zirconium oxide product, Merck Germany 

with an average size nm 60 using XRD and SEM (SEM) was 

used (Figures 1&2). For welding parts, work piece surface 

with nano-powder zirconium oxide to specified dimensions 

were covered (Figure 3). Then GMAW process was performed 

using a semi-automatic machine.  

After completion of welding, parts cut by the wire line with 

a distance of 10 mm from the edge perpendicular to the weld 

line to study the depth of cut. Cross-cut by first sanding, 100 

to 3000 and then by diamond paste 1 micron were polished. 

The cross-section parts 4% solution of hydrochloric acid, nitric 

acid, 1% and 95% ethanol for 30 seconds were etched macro. 

After the macro etching immediately rinsed with water and 

alcohol and blow-dry by adding to the sample that led to the 

burning metal corrosion is prevented. After preparing parts by 

microscope macro structure, depth and penetration was 

examined. Software design experiments to test the response 

surface methodology that an analytical method has been used. 

matrix design is shown in Table 1. 

 

 
 

Figure 1. SEM of ZrO2nano-particles 

 

 
 

Figure 2. XRD of ZrO2nano-particles 

 

 
 

Figure 3. Experimental set-up 

 

Table 1. Welding parameters and their level 

 
 Coding Notation  

Welding parameter  +2 +1 0 -1 -2   

Welding wire feed speed or (current)  10  

280  

9 

260  

8  

240  

7  

220  

6  

200  

W or  

I  

m/min  

A  

Arc voltage  30  28  26  24  22  V  V  

Nozzle-to-plate distance  18  16  14  12  10  N  mm  

Welding speed  380  340  300  260  220  S  mm/min  

Thickness of ZrO2 nanoparticles  1  0.75  0.5  0.25  0  F  mm  
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Therefore, for the five parameters of welding current 

(welding wire feed speed), arc voltage, distance nozzle to the 

work piece, welding speed, the thickness of the nano ZrO2 in 

five levels with 32 tests were conducted to examine the 

penetration. The values of input parameters at different levels 

in Table 2.  

 

Table 2. Design matrix 
 

No  W  V  N  S F 

1  1  -1 1  -1 1  

2  1  1 1  -1 -1 

3  1  1 1  1 1 

4  0  0 0  2 0 

5  -1 1 -1 -1 -1 

6  1 1 -1 1 -1 

7  -1 -1 -1 -1 1 

8  1 -1 1 1 -1 

9  0 0 0 0 0 

10  -1 -1 1 1 1 

11  1 -1 -1 1 1 

12  0 0 0 0 0 

13  -1 1 1 1 -1 

14  0 0 0 0 0 

15  0 0 0 0 0 

16  0 2 0 0 0 

17  0 0 0 0 0 

18  -2 0 0 0 0 

19  2 0 0 0 0 

20  -1 -1 -1 1 -1 

21  0 -2 0 0 0 

22  0 0 0 0 -2 

23  0 0 0 -2 0 

24  -1 1 1 -1 1 

25  -1 1 -1 1 1 

26  -1 -1 1 -1 1 

27 0 0 2 0 0 

28  1  1  -1 -1 1  

29  1  -1 -1 -1 -1 

30  0  0 -2 0 0 

31  0  0 0 0 0 

32  0  0 0 0 2 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Effect of flow (speed power welding) on weld 

penetration 

 

In general, flow rate and flow controls the amount of 

penetration is directly related to intrusion. Change the amount 

of voltage is also affected. Inconstant arc length, increases 

with increasing voltage. Welding current significant increase 

on the depth of penetration but it is rising over a certain amount 

will cause the welding geometry is inappropriate. Increasing 

flow rate increases the melting rate of the welding wire, 

voltage gain and increased heat input which has growing 

influence of these factors are increasing the width and height 

as well (Figures 4-5). The effect of increasing the flow rate 

increased energy efficiency and a greater proportion of the 

heat input to melt the metal being welded in the region and the 

high heat to reduce cooling rate and change in microstructure 

and mechanical properties will change accordingly. 

Considering that increased flow, increasing pressure forces the 

liquid droplets more vigorously thrown into the weld pool. It 

also increases the movement of gases or (plasma jet) by 

increasing the flow rate are directly related, it can be 

concluded that the very high flow rates, injection and ignition 

are high. In general goal of finding adequate level of fixed 

input parameters and also taking into account the current and 

other welding parameters in the presence of nano particles, to 

achieve maximum penetration.  

 

 
 

Figure 4. Microscope image of the microstructure of weld 

metal, a macroscopic image of the flow rate effect (sample 

No.18) 

 

 
 

Figure 5. Microscope image of the microstructure of weld 

metal, a macroscopic image of the flow rate effect (sample 

No.19) 

 

3.2 The effect of voltage on the penetration 

 

 
 

Figure 6. Change voltage in wire feed speed constant 

welding the weld penetration [10, 11] 
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The findings indicate that the effects of welding voltage at 

any given voltage, the voltage increases smoother and increase 

the width of the weld bead melts area. The decrease in arc 

voltage, the weld bead is thinner and deeper penetration. 

voltage too high, causing porosity, spraying, and the voltage is 

too low due to overlapping welding (Figure 6). 

 

3.3 Effect of welding speed on penetration  

 

Welding speed change, or changes in energy per unit length 

of the weld penetration and weld width is affected. The depth 

of penetration is inversely proportional to welding speed. As 

seen in Figure 7 (a) to increase welding speed is low 

penetration and high welding height, this leads to stress 

concentration and reduce weld quality. Also in Figure 7 (b) 

increased by reducing the rate of diffusion welding high 

frequency welding but it is broadening. This leads to reduced 

cooling rate and increase the heat-affected zone (HAZ) and 

structural changes have been fine. But in Figure 7 (c) at a 

maximum speed welding in the presence of nanoparticles 

simultaneously high penetration and good pollen is created. 

The excessive height and broadening been prevented. The 

presence of nanoparticles has reduced the width of the HAZ 

area. 

 

 
 

Figure 7a. Image macroscopic the effect of maximum 

welding speed Without nanoparticles (sample No. 23) 

 

 
 

Figure 7b. Image macroscopic the effect of minimum 

welding speed Without nanoparticles 

 

 
 

Figure 7c. Image macroscopic the effect of maximum 

welding speed the thickness of the layer 0.5mm nanoparticles 

(sample No. 4)  

 

3.4 Effect of ZrO2 nanoparticles on penetration 

 

The usually depth of penetration, with distance below the 

surface of the work piece so that the metal is melted is 

measured [12, 13]. In general, influence, influenced by the 

polarity, current, voltage, speed of movement of the arch and 

other factors. High thermal conductivitis less penetration. Arc 

length is longer influence less because less heat is concentrated. 

With increasing zirconium oxide nano-coating has more 

influence [14, 15]. Because it would be burning ZrO2 and 

release oxygen to raise the temperature of the arc. As a result 

of increased penetration and optimal amount of oxygen 

released to focus the arc. To investigate the effects of 

nanoparticles on the penetration of all parameters, a part from 

its mid-level amount of cover nanoparticles and the 

composition of the nanoparticles from the minimum to the 

maximum level has changed. ZrO2 nanoparticles increase the 

penetration is increased. This is due to change the content of 

oxygen in the molten pool and change the direction of flow is 

Marangoni and the surface tension gradient [15]. For pure 

metals and many alloys, surface tension gradient is constant 

with temperature changes [16, 17]. This means that the surface 

tension of the fluid at a high temperature than areas with lower 

temperature. The black of the areas with higher temperature to 

areas with lower temperature flows. In the welding process, 

due to the fact that the melt temperature of the boiling points 

closer to the center than the edges, the melt flows to the edges 

and finally fusion with low height and low broadband 

penetration caused. One of the active ingredients in the liquid 

pool surface tension gradient changes from is negative to 

positive (extrovert to introvert). In an optimum amount of 

active elements such as oxygen content in the molten pool, 

towards the edges and tend to be broadening. 

 

 
 

Figure 8. Marangoni convection mode by surface tension 

gradient in welding pool (a) ∂σ /∂T < 0; (b) ∂σ /∂T > 0 [18, 

19] 

 

The zirconium oxide nano coating thick ness change due to 

changes in oxygen content and because it changes the surface 

tension gradient and thus change the direction is sent of melt 

flow [20, 21]. In general, as can be seen in Figure 8, by 

increasing the thickness of zirconium oxide nanoparticles to 

about 0.75 mm, the penetration will increase. This is because 

the oxygen in the molten pool is located in the proper range 

and is oriented to the center Marangoni. It would be deeper 

penetration and higher weld, but by increasing the thickness to 

1 mm zirconium oxide nanoparticles, oxygen was removed 

and Marangoni extrovert is proper range [22, 23]. And 

gradually penetration is reduced (Figure 9). Activator coating 

(nano zirconium oxide) on the surface increases the 

penetration depth Welded, this mechanism also place 

increased focus on the arch leading to an increased current 

density is at the top of the arc [24, 25].  
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Figure 9. Image macroscopic the effects of nanoparticles on 

the geometry and weld penetration (sample No. 22&32) 

 

3.5 The effect of ZrO2 nanoparticles on the microstructure 

in different welding zones  

 

 
 

Figure 10. Optical microscope images of different welding 

regions. a,b: Metallographic image of base metal: (a :Sample 

32), (b: Sample 22). c,d : HAZ metallographic image: (c: 

Sample 32), (d: Sample 22). e,f: Metallographic image of 

weld metal: (e: Sample 32), (f: Sample 22) 

 

Different welding areas including weld metal, HAZ in the 

various samples were examined using an optical microscope. 

The structure of the weld metal grain size of the samples 22 

and 32 in Figure 10 is shown. In addition to the effect of 

zirconium oxide nanoparticles as a coating surface-active and 

increase the depth of penetration. Inclusion of acicular ferrite 

particles have played for creation of germination (Figures 11-

12). According to Figure 10 St37 steel with 0.13% carbon, 

Austenite grains are higher than 723℃ in the base metal. 

transformation of austenite to ferrite in weld metal sample 22, 

which does not contain nanoparticles, is such that when 

austenite is cooled to high temperature, Ferrite grows at the 

grain boundary and grows inward. It is also formed by 

reducing the temperature of ferrite Wideman Staten instead 

and in the form of blades that grow in one direction from the 

grain boundary to the grain center. In sample 32, where the 

maximum number of nanoparticles is present, the predominant 

acicular ferrite microstructure is due to the presence of 

nanoparticles, adding nanoparticles to CCT curve towards 

shorter times and lower temperatures transfers and for this 

reason, at a constant cooling rate, instead of forming grain 

boundary ferrite and Wideman Statten, acicular ferrite is 

formed [26].  

 

 
 

 
 

Figure 11. a. The weld metal microstructure Without 

nanoparticles (No.22)-11b. The weld metal microstructure 

with nanoparticles (No.32) 

 

 
 

Figure 12. (a) SEM 1micrograph showing the nucleation of 

acicular ferrite laths on inclusion in weld A2, (b) EDS 

analysis on the inclusion in (a) 
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4. CONCLUSIONS 

 

In this study, the effect of zirconium oxide nanoparticles on 

the geometry and penetration in carbon steel using electric arc 

under shielding gas welding process (GMAW) was 

investigated. The results show that:  

1. Because of the strength of welded structures depends on 

the depth and volume of the liquid from the work piece, 

Welding as well the weld zone mechanical properties. 

usually the width, height and depth of penetration is measured, 

Here the application of zirconium oxide nanoparticles as 

acoating surface tantsde composed by heat from the arc, and 

causes oxygen in the molten pool has been added, and to focus 

the arc and as well as for the centrist Marangoni that creates a 

weld with proper height, width and penetration is high. 

2.The use of zirconium oxide nanoparticles on the surface 

in addition to the active coverage and increased penetration 

depth, alters the microstructure and grain size reduction in the 

weld metal and HAZ area is. 

3.Add Nano zirconium oxide due to increased hardenability 

through reform processes grain size, form solid solution and 

encourage the formation of ferrite mechanical properties such 

as hardness of the weld metal needle is increased. 

4.Add zirconium oxide nanoparticles causes nitrogen and 

reduce internal cavities penetration is increasing. 
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