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Abstract 
The main factors affecting the pore sensitivity, cracking resistance and electrode process 
of the electrode are discussed. The electrode adopts alkaline slag system, and the 
reasonable ratio of marble and fluorite is beneficial to improve the electrode process. 
The influence of the alloy elements on the physical and chemical properties of the molten 
metal is analyzed. Gr and Ni, as the main alloy elements, play a main role in the high 
temperature resistance of the weld metal. Reasonable addition of Mn, Si, Ti and C can 
improve the crack resistance and stomatal sensitivity of the weld. The developed 
electrode welding technology is good, all the physical and chemical performance indexes 
meet the standard requirements, and the user trial situation is good. 
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1. Preface 

This type of austenitic stainless steel electrode has a good high temperature of antioxidant 
performance at about 1000℃, and is more used in heat-resistant stainless steel welding, which is 
widely used in engineering. For this kind of pure stainless steel electrode, due to the high nickel 
content, coupled with the austenitic single organization, the weld metal is easy to form the welding 
crack in the solidification process. Due to the high nickel content, nickel and its alloy in the liquid 
mobility is poor, has a large viscosity, making the weld is easy to produce pores during welding[1]. 
There are many articles on the defects of austenitic stainless steel welding from the perspective of 
welding process. Literature [2] discusses the defects of austenitic stainless steel welding in chemical 
equipment from the perspective of material selection and manufacturing process. Document [3] 
developed a heat resistant stainless steel electrode A437 for welding HK40 steel. [4] studied the 
causes and countermeasures of austenitic stainless steel welding. 

The above research is basically about how to avoid welding defects from the perspective of welding 
process when austenitic stainless steel electrode welding. According to the actual needs of users and 
the market, combined with the welding defects produced in the welding rod, from the perspective of 
the electrode medicine skin formula, we have successfully developed the A407 pure austenitic 
stainless steel welding rod. 

2. Key Technology 

The skin adopts alkaline slag system, the main components of the skin are marble and fluorite, with 
a small amount of silicate and rutile to adjust the fluidity of the slag, the skin is deoxygenation by 
iron silicon, iron titanium and iron manganese, and some alloy elements such as chromium and nickel 
are added and supplemented. Reducing the sensitivity of weld pores and improving the weld crack 
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resistance is the key to the development of the electrode, in addition, the process of flat welding and 
vertical welding will also affect the use effect of the electrode. 

2.1 Main Factors Affecting the Pore Sensitivity of the Electrode 

The formation of the welding pores is because the gas in the molten pool metal has escape before the 
pores in the weld metal (inside or surface). Because the main composition of the electrode medicine 
skin is marble, it will produce more gas in welding. In addition to the better gas protection of the weld, 
the gas not discharged in time is also easy to form pores in the weld. At the same time, because of the 
high nickel content of the weld metal, the viscosity of the liquid metal is large, which is not conducive 
to the discharge of gas. The fundamental way to solve the problem of pores is to reduce the viscosity 
of the slag and reduce the oversaturation of the gas in the molten pool metal, so that the gas has 
enough time before the water of iron solidification. 

In terms of this kind of welding electrode, the most common occurrence during welding is carbon 
monoxide pores. The appearance of such pores is greatly related to the gas generated by the redox 
reaction in the drug skin. The solution is to control the source of the gas and discharge the gas from 
the melting tank as much as possible. On the one hand, choosing the appropriate welding process, 
cleaning the surface of oil, rust, oxidation film, etc., moisture-proof and rebaking of welding materials 
can limit the source of gas. For welding rod formula designers, it is an effective way to reduce the 
source of gas of the welding material and improve the exhaust conditions of the melting tank. 

The large amount of fluorite and other fluoride is added to the electrode medicine skin, which can 
reduce the viscosity of the slag, which is conducive to the discharge of gas in the melting pool, through 
the combination of appropriate silicate and rutile, the reaction generated by SiF4And TiF4Gas, which 
can exclude the gas in the arc region, to reduce the chance of producing the pores, and fluoride can 
also reduce the pores formed due to the higher N content. 

2.2 Main Factors Affecting Weld Crack Sensitivity 

Because the electrode is a pure austenitic single-phase tissue and has a high Ni content, its thermal 
crack sensitivity is large, which can improve the weld crack resistance by improving the alkalinity of 
the slag and reducing the content of P, S and other impurities in the weld metal. In the design of the 
electrode formula, the high alkalinity marble-fluorite slag system is used to strictly control the 
impurity content of S, P and other impurities, and enhance the deoxygenation of the melting tank 
which can effectively improve the cracking resistance of the weld metal. 

2.3 Process of Welding Rod 

The electrode is a marble-fluorite type electrode, and its slag system is CaO-CaF2-SiO2-TiO2. The 
reasonable ratio of marble and fluorite can improve the physical properties, droplet granularity and 
droplet transition form, and can improve the electrode arc stability. 

The coarse melting droplet transition into the basic transition form of this kind of electrode, 
appropriately improve the marble content, reduce the fluorite content, is conducive to the refinement 
of melting droplets, increase the transition frequency of melting droplets, at the same time to reduce 
the splash and improve the full position weldability has a certain effect. 

The melting temperature of marble is different from fluorite. After the decomposition of marble at 
high temperature (about 850℃), the melting point of its decomposition product CaO (about 2572℃) 
is much higher than that of CaF2. The marble / fluorite ratio in the skin affects the softening 
temperature of the skin[6]. With the increase of marble / fluorite ratio, the drug skin softening 
temperature increases, the electrode sleeve increases accordingly, the appropriate sleeve length will 
reduce splashing and improve the process performance, but the electrode sleeve is too long will 
deteriorate its process performance. The ratio of marble / fluorite should be generally controlled at 
1.0-1.5. 

The addition of arc stabilizer can not only improve the arc stability, but also change the transition 
form of melting droplets to a certain extent, which can expand the arc spot area and increase the 
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heating surface of melting droplets. Improve the melting drop temperature, reduce the melting drop 
surface tension and refine the melting drop, especially the arc stabilizing agent containing potassium 
and magnesium, its refinement effect is more obvious. Therefore, the appropriate addition of the arc 
stabilizing agent is conducive to the improvement of the electrode process performance. 

2.4 Effect of Alloy Elements on the Physicochemical Properties of Molten Metal 

Ni element is the main alloy element in the stainless steel electrode, the main role is to form and 
stabilize the austenitic body, so that it obtains a complete austenitic organization, while Ni can also 
improve the high temperature oxidation resistance of the stainless steel. The disadvantage of high Ni 
content is that it is easy to form low melting point co-crystal with impurity element S, which reduces 
the heat resistance and high temperature vulcanresistance of weld. Therefore, the S content of weld 
metal must be strictly controlled. 

Gr is the main alloy element in austenitic stainless steel, which has a main role in improving the 
various corrosion resistance of stainless steel. In this electrode, it can significantly improve the 
resistance of high temperature oxidation and sulfide resistance of molten metal, and plays a vital role 
in the realization of its high temperature performance. 

In addition to deoxygenation, Mn in austenitic stainless steel can stabilize austenite on the one hand 
and improve steel thermoplasticity on the other hand[5], Most importantly, Mn forms MnS with the 
strong affinity of He S, which is conducive to the desulfurization of steel, and further improves the 
cracking resistance and high temperature performance of the weld. 

The addition of Si and Ti to the drug skin mainly plays a deoxyrole in the electrode, and can also 
react with fluorite to form SiF4And TiF4Gas to improve the weld orifice sensitivity. 

C In austenitic stainless steel due to the formation of high chromium carbide, so that the stainless 
steel local chromium poor and make the intercrystal corrosion performance decreased, is usually 
considered as a harmful element, but in the welding rod can improve the weld strength, improve the 
high temperature performance, appropriate addition is beneficial, control its addition in the range of 
0.08~0.20%. 

S and P are harmful elements in the electrode, and their content needs to be strictly controlled, 
especially S seriously affects the high temperature thermoplasticity of the weld. The content of S and 
P is required to be controlled below 0.030%. 

3. Weld Rod Test Results 

3.1 Welding Process Performance 

(1) Flat welding process, using φ 3.2 specification welding rod, welding current DC+At 100A, the 
welds are shown in Figure 1, and Figure 2. 

 

         
Figure 1. Flat Welds (before slag removal)        Figure 2. Flat Welds (after slag removal) 

 



International Core Journal of Engineering Volume 8 Issue 11, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202211_8(11).0006

 

44 

As can be seen from Figure 1 and Figure 2, the electrode process has excellent performance, stable 
arc, good slag removal, beautiful molding, small splash, small pore sensitivity, and the welder has a 
good comprehensive feeling. 

(2) Vertical angle welding technology, using φ 3.2 specification welding rod, welding current 
DC+85A, the welds are shown in Figure 3, and Figure 4. 

 

                   
Figure 3. Vertical weld (before slag removal)      Figure 4. Vertical weld (after slag removal) 

 

From Figure 3 and Figure 4, it can be seen that the vertical corner welding weld is beautiful forming, 
good edge fusion, easy to control slag, small splash, easy to remove slag and good pore sensitivity, 
suitable for full position welding, and small weld crack sensitivity. 

3.2 Physical and Chemical Properties of Molten Metal 

The developed A407 austenitic stainless steel electrode rod has been tested, and the physical and 
chemical properties of the molten metal meet the standard requirements, with stable chemical 
composition and excellent mechanical properties. The chemical composition and mechanical 
properties of the fused metal are shown in Table 1 and Table 2. 

 

Table 1. Chemical composition of fused metal (mass fraction,%) 

C Mn Si S P Cr Ni Mo Cu 

0.13 1.75 0.48 0.008 0.019 26.50 21.30 0.11 0.08 

 

Table 2. Mechanical Properties of molten metal 

Tensile strength of Rm (MPa) elongation A(%) 

605 38 

Note: The electrode specification is Φ 3.2mm, D C 100A, and the interchannel temperature is about 
140℃. 

4. User Usage 

Our company developed A407 pure austenitic stainless steel welding rod can be used for the same 
type of heat resistant stainless steel, stainless steel lining and heterogeneous steel welding, also used 
for welding hardening Cr5Mo, Cr9Mo, Cr13 and Cr28 structure, user trial feedback information 



International Core Journal of Engineering Volume 8 Issue 11, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202211_8(11).0006

 

45 

shows that the electrode welding pores sensitivity is small, welding seam is good cracking resistance, 
full position welding process, can meet the user requirements. 

5. Conclusion 

Reasonable, marble, fluorite, ratio and appropriate silicate and rutile added, can reduce the stomatal 
sensitivity, improve the cracking resistance, and obtain a good welding process. The content of Cr, 
Ni, Mn, C, Si and other alloy elements is reasonably controlled, and the content of S and P impurities 
elements is as low as possible, which can obtain better comprehensive mechanical properties and 
better high temperature oxidation resistance. After testing, the physical and chemical properties of 
the electrode fused metal are good, all meet the standard requirements. 
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