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Effect of Precipitates formed during Pre-ageing on the Process of
Quench Ageing in Fe-N Alloy

Minoryu IcHIMURA and MaMORU IMABAYASHI

Abstract — In the preceding paper, we reported that the precipitation of metastable nitride at 100°C in
Fe-N alloys was accelerated remarkably by the pre-ageing treatments at 50°C, 200°C and 300°C.

In this study, we obtained the ageing temperature dependence of the rate of metastable nitride precipita-
tion and the apparent activation energy for precipitation of metastable nitride at 50°C"v180°C after pre-ageing
at 50°C, 200°C and 300°C, and we made clear the reason for the effect of precipitates formed by pre-ageing on
the precipitation process of metastable nitride.

Except for ageing at higher temperature than 150°C, the precipitation process of metastable nitride was
accelerated by pre-ageing and the rate of acceleration was increased with falling of pre-ageing or ageing tem-
perature.

One of the most probable reason for the stimulation of precipitation of metastable nitride by pre-ageing is
an easy nucleation of metastable phase, that is the complete nucleation of metastable phase in specimen pre-
aged at 50°C, the partial nucleation of metastable phase in specimen pre-aged at 200°C and the preferential
nucleation of metastable phase on the surface of stable phases formed by pre-ageing at 300°C.

The apparent activation energy obtained in the ageing process after pre-ageing is lower than the activation
energy of diffusion of nitrogen in &-iron. Therefore, the diffusion of nitrogen may be enhanced by the ex-
istence of precipitates formed during pre-ageing. The enhanced diffusion of nitrogen will be another probable

reason for the effect of ageing acceleration by pre-ageing.
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Fig. 1 Schematic drawings of changes
in the internal friction during
pre-ageing and ageing process.
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Fig. 2 Normalized ageing curves of

specimen No. 5 pre-aged at

50°C (0), 200°C (&) and

300°C (o).
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Table 1 Ageing exponent (n) and time
constant (T)

Specimen | Q" 'x10% | Tp(°C) | Ty (°C) n t(sec)§ Qix10* | Qg’x10
50 | 0.70 | 5.75x10% | 65.0 0
80 {072 {6.21a0% | 76.2 3.69
- 100 | 0.90 |$.50x10% | 69.4 5.00
No.1 10 . 130 | 1013 |9lr7aa0r| 76.2 8.59
- 150 0.78 | 4.90x10° | 68.5 12.9
180 {0.88 |9.77x10° | 60.7 32.0
No.z ~90 - 50 | 0.63]6.31x10%| 91.6 [
No.3 ~90 - 75 | 0.81 |1.00x10%| 86.2 2.0
No.4 ~90 - 100 | 0.91 |2.51x10% | 91.6 5.0
300 50 1 0.71 {3.16x10%{ 98.1 0
200 50 | 0.64 |9.55x10% | 94.7 0
50 S0 [ 0.61 1.02x10% | 94.7 0
300 80 | 0.85 |2.04x10% | 94.7 3.69
200 80 | 0.87 {1.74x10% | 94.7 3.69
50 80 | 1.26 |9.12x10% | 94.7 3.69
300 100 | 0.73 [2.37x10% | 87.2 5.00
200 100 | 0.78 |1.59x10% | 80.8 5.00
50 100 {o0.98 13.30x10% | 04.7 5.00
300 100 0.62 {7.59x107 | 98.1 5.00
No.§ ~350 200 100 | 0.63 |2.40x107 [ 98.1 5.00
50 100 0,95 {1.55x10% | 98.1 5.00
300 100 {0.65 |5.75x20% | 98.1 5.00
200 100 ]0.57 }2.51x10% | 98.1 5.00
50 100 | 0.82 [1.55x10° | 98.1 5.00
300 130 | 1.16 [4.98%107 | 98.1 8.59
200 130 | 1.23 [1.22x10% | 101.7 8.59
50 130 [1.19 12.46x10% | 94.7 8.59
300 150 1.23 {1.26x107 | 98.1 12.9
200 150 | 1.16 |3.80x102 | 94.7 14.6
50 150 |1.22 [6.03x10% | 94.7 16.8
300 180 1.48 [5.01x102 | 98.1 35.6
200 180 | 1.33 [2.00x10? | 94.7 32.8
50 180 | 1.50 {3.00x10% | 64.7 32.3
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