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The Effect of Pressure and Oxygen, Sulfur and Nitrogen Content on the Rate
of Nitrogen Absorption and Desorption of Liquid Steel

Susumu Mukawa, Yoshimasa Mizukavi and Yoshiyuki Urstiva

Synopsis : The study was made on the rate of nitrogen absorption and desorption by means of vacuum induction furnace to reveal
the effect of pressure on the rate of desorption of nitrogen and the effect of oxygen, sulfur and nitrogen content on the
chemical reaction rate at gas-metal interface. Nitrogen desorption rate was decreased with increase in total pressure
of atmosphere, which was controlled by argon gas. The apparent chemical reaction rate of nitrogen adsorption and
desorption under the condition of which the mass transfer resistance in gas phase is negligible, was evaluated.
Adsorption constant of oxygen, sulfur and nitrogen at 1873K was evaluated from the dependence of apparent chemical
reaction rate constant on the oxygen, sulfur and nitrogen. With these values, some previously reported results of
investigations on the chemical reaction rate of nitrogen are consistently concluded in the following equation.

k- =15.9fy%/ (1+173a, +52as + 17ay*) ?
Calculated surface tension of liquid iron was also consistent with observed data by P.Kozakevitch et al..
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Table 1. Target composition of steel melt.(mass%)

C Si Mn 0 S
<0.0010 <0.0001 <0.0001 0.024~0.048 0.0003~0.013
0.05 0.20 <0.0001 0.008~0.012 0.0003~0.030
0.10 0.25 0.50 0.001~0.005 0.0003~0.030
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Fig. 2. Behavior of nitrogen content of liquid steel
during contacting with nitrogen gas.
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Fig. 3. Change in nitrogen content of liquid steel
under resduced pressures with time.
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Fig. 4. Change in nitrogen content of liquid steel

w@th high oxygen content during contacting
with nitrogen gas.

003 ; ,
o [%S]=0.0114mass%
a [%S]=0.0296mass%

4 —-cal.
0.02 & t

N

g ‘\\
[%0]=0.004 ~
001 0.010mass%

1T

0

20 | 40 60
time(min)

Fig. 5. Change in nitrogen content of liquid steel
under a reduced pressure. (P,=133Pa)
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Fig. 6. Change in nitrogen content with time during
contacting with nitrogen gas.
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Fig. 7. Relationship between pressure and mass
transfer coefficient in gas phase.
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Fig. 8. Distribution of each rate determining step on
overall mass transfer resistence.
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Fig. 11. Relationship between oxygen content and
surface tension of liquid Fe-O system.
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Fig. 13. Relationship between nitrogen content and
surface tension of liquid Fe-N system.
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