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Abstract. A new nitrogen method for adding in an ESR process using nitrogen gas 
blown in through the electrode was investigated. Nitrogen gas blown through a center 
bore of the electrode enabled contact between the nitrogen gas and the molten steel 
directly underneath the electrode tip. A 145mm diameter, laboratory-sized PESR 
furnace was used for the study on the reaction kinetics. Also, we carried out a 
water-model experiment in order to check the injection depth of the gas blown in the 
slag. The water model showed that the gas did not reach the upper surface of the 
molten metal and flowed on the bottom surface of the electrode only. An EPMA was 
carried out for a droplet remaining on the tip of the electrode after melting. The molten 
steel from the tip of the electrode shows that nitrogen gas absorption occurred at the 
tip of the electrode. The mass transfer coefficient was around 1.0x10-2 cm/sec in the 
system. This value is almost the same as the coefficient at the molten steel free 
surface.  

1.  Introduction 
Nitrogen alloyed steels are widely used for drill collars, power-generation components, engine valves, 
high corrosion-resistance applications, bearings and other applications. Nitrogen alloying has two 
main benefits. One is strengthening owing to solid solution hardening [1], and the other is improvement 
of corrosion resistance[2]. Nitrogen-alloyed austenitic stainless steels less are likely to form processing 
evocation martensite. This enables the production of high-strength austenitic steel.  

Several nitrogen addition methods have been developed in steel-making industries. Nitride addition 
is a popular method for high-nitrogen steel production. This method can increase the nitrogen content 
in steel effectively. However there is a disadvantage to this method. Nitride addition increases other 
elements such as Cr or Si. The gas-blow method is commonly used in a ladle furnace. This method has 
the advantage of eliminating contamination with other elements in nitride alloys. It is difficult to add 
nitrogen into a metal pool by blowing gas on the slag surface because steel-making slag has almost no 
nitrogen solubility. Direct contact between the nitrogen gas and the molten steel is required in order to 
add nitrogen using this method. Although bottom gas blowing can be used for nitrogen addition in a 
ladle furnace process, it cannot be applied to an electroslag remelting (ESR) process.  

There is one solution for adding nitrogen in ESR. Prof. B. I. Medovar et. al. had developed Arc 
Slag Remelting (ASR)[3] as a method allowing direct contact between nitrogen gas and the molten 
steel in an ESR. However the heating method of ASR is different from that of a conventional ESR. 
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The electrode is not immersed in the slag and keeps some distance from slag surface in order to make 
a stable arc. Therefore ASR requires a special control system using feedback with respect to the 
current and arc voltage in order to stabilize the arc discharge.  

A simpler way of nitrogen addition in ESR was investigated in this study. Gas blow through a 
center hole of the electrode was tried in an ordinary ESR melting condition. In this process, we may 
not need a special control system and could use a normal ESR control system. We confirmed how 
much nitrogen addition is possible by gas blow in a conventional ESR system. 

2.  Experimental procedure 
Figure 1 shows the schematic of the experiment using 
a 145mm mold pressurized electroslag remelting 
(P-ESR) furnace. A 10mm hole was drilled through 
the center of the 100mm electrode. Nitrogen gas was 
blown through the center hole to the electrode tip. The 
gas flow rate was 0.1-2.0 NL/min. The electrode 
material was SUS304 (AISI304, X5CrNi18-10) steel. 
The experimental conditions are shown in Table 1. The 
experiment was run under 0.98MPa pressurized and 
0.1MPa atmosphere conditions. The melt voltage was 
18V and the current was 2000A. In addition, a 
20V-2500A melt was carried out for the 0.98MPa 
condition. After the ESR melt, the ingots were 
longitudinally cross-sectioned in order to perform 
macrostructure observation and chemical composition 
analysis. 20mm cubic samples for chemical analysis 
were taken at interval of 50mm from the 
bottom of the ingot.  

In order to confirm the blown gas 
immersion depth, a water-model 
experiment was also carried out. The same 
145mm mold P-ESR was used for this 
water model. A transparent plastic 
container was used for the water bath. It was placed under the electrode in substitution for the 
water-cooled coper mold. The bubble formation in water was observed from the side and the bottom of 
the container. The water model was run with gas blow rates of 0.8, 1.6, 3.1, 4.8, and 6.2 NL/min. 
There are some differences between the water-model and the actual ESR, such as the density of the 
liquid, the temperature and so on. The gas flow rate for the water-model experiment can be estimated 
from the modified Froude number Fr[4].  
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where ρg is the gas density, Qg is the gas flow rate, ρL is the density of the liquid, g is the standard 
acceleration due to gravity, and d is the diameter of the nozzle. Equation (1) becomes Equation (2). 
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The modified Froude number Fr, is a dimensionless number that represents the ratio between the 
forces of inertia and buoyancy. The blow distance can be dependent on the number. The blow rate in 
the water-model corresponds to blow rate in 145mm SUS304 steel ESR at 1600oC of 0.5, 1.0, 1.8, 
2.8, and 3.6 NL/min.  

 
Figure1 Schematic of the Apparatus 
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Table 1 Experimental condition 
Atmosphere

(MPa)
Voltage

(V)
Current

(A)
N2 blow rate

(NL/min)
Ingot 1 20 2500 0.2 - 0.8
Ingot 2 18 - 20 1.0 - 2.0
Ingot 3 0.1 18 1

0.98
2000
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