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Kinetics of the Nitrogen Desorption of Liquid Fe-Cr Alloys
under Reduced Pressure

Takao Cuon, Takashi TAKEBE, and Michio INOUYE

Synopsis :

The rates of nitrogen desorption of liquid Fe-Cr alloys up to 25% Cr were measured under the reduced
pressure at 1 600°C.

The rates of nitrogen desorption of liquid Fe-Cr alloys are apparently expressed by the equation of 2nd
order reaction in terms of nitrogen content in melts, as shown in the case of the nitrogen desorption of liquid
iron, and the rate constant obtained decreases with increasing chromium and oxygen contents. The re-
sults are explained by the application of the mixed—control model including the resistances of the mass
transfer in the liquid phase and that at the interface where the nitrogen atom transfers into the gas phase
only through the effective sites determined by the adsorption equilibrium.

The contributions of the resistance of the mass transfer in the liquid phase and the interfacial resistance
to the nitrogen desorption process ‘were considered. The mass transfer in melt may play an important

role on the nitrogen desorption at the lower chromium and lower oxygen levels.

On the other hand, at

higher chromium content, the contribution of the interfacial resistance becomes important even if the oxy—
gen content is low, because the activity coefficient of nitrogen decreases.
The effect of the air leak in the vacuum reaction chamber on the rate of nitrogen desorption is considered

by using the present experimental results.

It is suggested that, at higher chromium contents, the nitrogen

desorption is remarkably retarded in the presence of a small amount of air leak.
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Fig. 1. Schematic view of vacuum furnace.
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Fig. 2. Effect of oxygen on the rate of nitrogen
desorption of lipuid iron at 1600°C.
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Table 1. Effect of oxygen on the rate constants
of nitrogen desorption of liquid iron and liquid
Fe-Cr alloys at 1600°C.

Initial |[Final Initial |Final .
oxygen [oxygen |carbon |carbon
(££§;) content |content |content |content (g?zf)
° [0]0) [O]f) [C]D: [CJf’ °
(Wt%) |(wt%) [(wt%) |(wt%)
0.005 0.006 | 0.004 | 0.002 1.48
0.009 | 0.012 0.003 0.002 | 0.65
0 0.013 | 0.015] 0.002 0.002 0.53
0.043 | 0.048 | 0.001 0.001 0.23
0.058 | 0.055 0.001 0.001 0.16
6 0.007 0.012 0.003 0.002 0.81
0.017 0.021 0.003 0.002 0.38
10 0.008 0.015 0.007. | 0.001 0.72
0.011 0.014 | 0.003 0.002 | 0.45
14 0.008 | 0.004 | 0.046 | 0.003 0.69
0.009 | 0.011 0.004 | 0.002 0.46
0.006 0.008 0.034 0.003 0.36
0.006 | 0.008 0.058 | 0.002 0.35
0.006 | 0.010| 0.029 | 0.011 0.25
0.009 | 0.012 0.008 | 0.003 0.23
19 0.005 0.012 0.099 | 0.082 0.27
0.017 0.019 | 0.004 | 0.003 0.20
0.017 0.019 | 0.004 | 0.004 0.17
0.016 | 0.028 0.005 0.002 0.13
0.024 | 0.032 0.005 | 0.003 0.12
95 0.008 0.013 0.003 0.003 0.22
0.022 0.047 0.003 0.003 0.12
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Fig. 3. Fffect of oxygen on the values of ky and
k; of liquid iron at 1600°C.
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Fig. 4. Nitrogen desorption of liquid Fe-62,Cr
alloy under the reduced pressure at 1600°C.
Curves are represented by Eq. (11).
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Fig. 5. Nitrogen desorption of liquid Fe-109;Cr
alloy under the reduced pressure at 1600°C.
Curves are represented by Eq. (I1).
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Fig. 6. Nitrogen desorption of liquid Fe-1494;Cr
alloy under the reduced pressure at 1600°C,
Curves are represented by Eq. (11).
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Fig. 7. Nitrogen desorption of liquid Fe-192,Cr
alloy under the reduced pressure at 1600°C.
Curves are represented by Eq. (11). 0
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Fig. 8. Nitrogen desorption of liquid Fe-2595Cr
alloy under the reduced pressure at 1600°C.
Curves are represented by Eq. (11).
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Fig. 9. Relationship between 1/[N] and Ft/V

for liquid Fe-199,Cr alloy.
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Fig. 11. Behavior of oxygen during the nitrogen
desorptions of liquid iron and Fe-Cr alloys.
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content in liquid Fe-Cr alloys at 1600°C.
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Fig. 13. Effects of chromium and oxygen on the
contribution of the resistance of the mass transfer
in liquid phase and the resistance at the interface
to the nitrogen desorption.

(Cr) Awth)

Fig. 14. Effect of chromium on the values fy
and 1/(14+953a,).
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HOSHADEBRBHENR*EEGL, 5K (6) % X O
()RR TKHEEFETHRE Co ¥EBTH L,
(3), (B)RXIV(8)AbLE2HRIB LIS,

dCyp/dt=[—Fk;/(2V) - (2Cu+ ¢
_Vm‘(;;) fereeeeeee e (21)
Fig. 15~17 1242 3-4 SfLAUC k& B IO ke %{$S8

L, Runge Kutta iz 12T LKA bRDIFEL D
ERENTeRT s gREYRT. T7bb, Fig. 15
5 6%4Cr Tit=7 ) — 7 OEET HER/N
2%, Fig. 17 @ 25%Cr i1 2®pik = ¢, 0.1 mmHg
Py, D=7 ) — 2 DFEAETEFEE LT L A FIETY
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Fig. 15. Effect of the air leak on the desorption
of liquid Fe-6%Cr alloy (0.009% Q). Curves are
calculated by Eq. (21).
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Fig. 16. Effect of the air leak on the nitrogen
desorption of liquid Fe-19%Cr alloy(0.008%,0).
Curves are calculated by Eq. (21).
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Fig. 17. Effect of the air leak on the nitrogen
desorption of liquid Fe-259;Cr alloy (0.019,0).
Curves are calculated by Eq. (21).

FCOFTERM t 2E4 OWHMERFREES JOLES
FEDO&MHTFTCHEME L. Fig. 18 11 19%Cr & b Fig.
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OEIRR—MEBE, R—2RS-ETTIE 6%Cr 44T
DELNES, LidREOEEGETEULT 5% 8
(=Ce+0.002) § FHEECRBEIEBELNTHS. T
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D=2 XOTERREO S bieEWRERACEZEL,
BERLYERT A LB L.

4. B =

B Fe-Cr & OFETR BT AHEHEYYIE L,
KD LS EERTEL.
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Fig. 18. Limit of the nitrogen desorption under the
condition of air leak for Fe-69,Cr alloy(0.0099 0).
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Fig. 19. Limit of the nitrogen desorption under the
condition of air leak for Fe-192,Cr alloy (0.00890).
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