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Solubility of Nitrogen and Equilibrium of Ta-nitride Forming
Reaction in Liquid Fe-Ta Alloys

Zen—ichiro MORITA, Yuji IWANAGA, Shozo Hamapa,

Synopsis:

and Akira ADACHI

The Solubility of nitrogen and the equilibrium of the Ta-nitride forming reaction in liquid Fe-Ta
alloys under the presence and absence of Ta-nitride were studied by the sampling method at 1600,

1650 and 1700°C in the concentration range up to 259 Ta.

Some thermodynamic interpretations of

the atomic interactions in the liquid Fe-Ta-N system were also studied. . The results obtained are sum-

marized as follows.

1)  Tantalum decreased the activity of nitrogen in liquid iron and the interaction coeflicient of
tantaluin could be expressed as the following quadratic function of tantalum concentration:

0-00087[2%Ta]2—
log £ (T % =10-00047[%Tal2—
0-00030[2%Ta]z—

0-058[2Ta] (1 600°C)
0°047[2Ta] (1 650°C)
0-039[2Ta] {1 700°C)

2) When an improved model of statistical thermodynamics,

which may be applicable for actual

solution involving short range order was applied to the results, the theoretical values could be estimated
to be in good agreement with the experimental values.
3) In ternary iron alloy systems where the alloying constituents were transition elements j, a definite

correlation was found between ¢5 and ¢’ as follows.

g x 102 =0-278[ed>12 x 10¢ + 0 994

4) The tantalum nitride which appeared in the liquid Fe-Ta-N system was identified as hexagonal

TaN () by Debye-Scherrer X-ray diffraction analysis.

was determined as
TaN(s) =Ta+N
A4G=70500—35"7T+£260(cal)

The standard free energy of decomposition

5) The values of ¢}’ in liquid Fe-X binary system were derived by thermodynamic calculation and
found a tendency to being more negative for the smaller atomic number elements in IV-a and V-a

groups.

6). It was found that there was a correlation between the bonding characteristics of nitrogen with
V-a group elements in liquid iron and those in austenite.

(Received June 6, 1972)
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Fig. 1.. Solubility of nitrogen in liquid Fe-Ta alloys.
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Table 1. Chemical composition of experimental
specimens (wt%).
C S P Si Mn
Iron 0-001 | 0-005| 0-003 | 0-005| 0°-005
Ta Nb Fe Si C Ti
Tantalum | 999 | 0-01 | 0-005 | 0-01 | 0-02 | 0-001

Temperature (°C)

Fig. 2. Solubility of nitrogen in liquid Fe-Ta alloys.
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Fig. 3. Relation between [2%N] and VR in
liquid Fe-152;Ta alloy.
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Fig. 4. Effect of tantalum on the interaction coefficient of nitrogen.
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Fig. 6. Heat of solution of nitrogen in liquid
iron alloys.
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Fig. 8. Effect of tantalum on the solubility of
nitrogen in the presence of tantalum-
nitride.

Table 3. The results of indexing patterns of
producted tantalum-nitride TalN.

No Miller’s index d-value(A)
1 (203) 1-03
2 (104) 1-12
3 (202) 1-16
4 (004) 1-23
5 (201) 1-27
6 (112) 1-30
7 (200) 1-32
8 (103) 1-39
9 (110) 1-53
10 (102) 180
11 iron
12 (101) 2-34
13 (002) 2-47
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Fig. 9. Relation between log K’ and [%Ta].
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3.2:3 Fe-Ta 2LRIBMCE T 5 log rpa DHERE

AREIGE R 3 X ORI ST 5T 2 OB S

Table 4. Comparison of nitride forming free
energy between in austenite and in
liquid alloys.

Austenite Liquid alloys
VN 39 800—16°6 T 58 000—29T -
NbN 38 900—13-2T 50 800—24-6T
TaN 58 600—27-8T 70 500—35+7 T
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Table 5. Values of log rx°.

Values
v —04
V-a Nb —-0-7
Ta —14
_ Ti - —2:4, —1-96%, —32-15%*
N-a Zr _ O’

* By CHIPMAN.1®)
** By SANBONGI, et al,19
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