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On the Rates of Nitrogen Absorption and Desorption in Liquid Iron

Kazuo AMaNO, Koin ITO, and Hiroshi SAxAO

Synopsis;

The rates of nitrogen absorption and desorption of levitated iron droplets have been measured. This
study made it clear that the rate of reaction of gas with liquid iron is determined by the mass transfers
between two phases. The following equation was obtained in accordance with the two film theory.
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Applying this equation to various experimental conditions, the following became clear. The reaction is
first-order when there exists no gas boundary layer, for example, the nitrogen absorption from pure
nitrogen gas injection. The reaction is between first- and second-order when there are two boundary
layers, for example, the nitrogen desorption into pure argon gas. Oxygen which is a surface active
element, retards the reaction rate because it decreases the effective surface area. This influence disappeared
at about 2 100°C. Other alloying elements change the value of a affecting the activity of nitrogen in

where a

liquid iron,
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Fig. 1. Results of nitrogen absorption in pure nitrogen
atmospheres at various temperatures.
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Fig. 2. Results of nitrogen desorption in pure argon
atmospheres at various temperatures.
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Fig. 3. Effect of argon flow rate on nitrogen
desorption at 1 780°C.
B D. T, i Ar FAT X BRERISIE =0
THEBLICHK L. ERIREITH 30~40sec T 0.001
%N TS LGTTBERNT—8ickok. KiGEE

WRIBEOER L EIRKRELS Lok,

Ar HAMEOREEE T RISTEERZ FARD -,
BE® 1780°C ic{fb, Ar # ZAF5EAS 440 cc/ min &
2 000cc/ min DFFIOWTHEIE Liz. TOFER% Fig.

00
,:0.04
3
(=4
2003
o
©
@
(9]
[=4
So.02
c Flow rate 2000 “Ymin
g Temp. 1850 °C
e 0.001 ~ 0.002 *.0O
= P,
z N2
00 e 100 atm
x  0.79 atm
[ 0.68 atm
a  0.45 atm
o 0.29 atm "
0 10 730

Time (sec)

Fig. 4. Results of nitrogen absorption in Nj-Ar
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Fig. 5. Results of nitrogen desorption in Ar-N,
atmospheres at 1850°C, total flow ratc
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SILRT. Ar FAFEORIGEERZ RIETRHEIIFE
AERDLNEP Dz,
wiT, RIGERERCRETERZFZEOREEZFA. £
HoFER 2000 cc/ min o7 Py,+Par=1 atm @
REH A ZERRICREMF, 1850°C CHIE L. BRI

— 33 —



1182 % L & E624 (1976) 9%

005f

~

N

ration (wt )

g

Pure nitrogen
Flow rate : 500 <C/min|
0.085 ~ 0.090 %0
o 1780°C
1850°C
1960°C
2040°C
2130°C
.2210°C

4] 5 10 15
Time (sec)

o
2

Nitrogen Concent

00+

® 4 9 X% »

Fig. 6. Effect of oxygen concentration in liquid
iron on nitrogen absorption at the same
temperatures as shown in Fig. 1.
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Fig. 7. Relation between time and log (% No°-
% N¢) /(% N-9, N¢) for nitrogen absorp-
tion in pure nitrogen atmospheres at
various temperaures.
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Fig. 11. Effect of alloying elements on the ratio of
the mass transfer resistance in gas and
metal boundary layers at 1 600°C.
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Fig. 12. Comparsion of nitrogen desorption at 1600
°C from liquid iron containing 0.009 25 O in
the crucible between the caluculation from
eq. (8) and the experimental results of Banva
et al. 8.
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