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High-temperature Nitridation Behavior of an Fe-38Ni—13Co—4.7Nb-1.5Ti—0.4Si Superalloy in a
Flowing Nitrogen Gas Atmosphere

Kiyoshi KusaBIRAKI and Kentaro SHIRAI

Synopsis

: High-temperature nitridation behavior of an Fe—38Ni—13Co—4.7Nb~1.5Ti~0.4Si superalloy (alloy 909) has been investigated in a flowing ni-

trogen gas atmosphere at 1073 to 1273K using metallographic, X-ray diffraction and electron probe microanalysis techniques. The scales

consist of an external scale and a subscale. The former is composed of reaction products on the alloy. The latter is composed a mixture of in-

tragranular reaction products and an un-reacted alloy matrix. The reaction products in these scales are identified as TiN, NbN and Nb,N in-

cluding small amounts of Fe,0,, a-Fe,0, and CoFe,0,. The rate constants for the subscale formation in this alloy are about 200~600 times

as large as those in CMSX-2, CMSX-6 and SRR99 reported previously. At all the temperatures the external scale and the subscale grow ac-

cording to a parabolic rate law and apparent activation energies for these scale growth are estimated to be 123 kJ/mol and 158 kJ/mol, respec-

tively. The rate determining diffusion element for subscale growth is considered to be N in the alloy matrix.

Key words : nitridation; Incoloy 909; superalloy; scale; subscale; high temperature; growth kinetics.
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Table 1. Chemical composition of the alloy 909. (mass%)

Fe Ni Co Cr Nb Ti Mn
40.72 38.7 13.53 0.04 470 1.54 0.04
Si C B p S N o]
0.36 0.013 | 0.0027 | 0.004 | 0.0008 { 0.0011 | 0.0018

1 Conc. H,80, T2 '

2 SiO, gel

3 Copper chip furnace

4 Flow meter

5 SiO, tube

6 Electric furnace

6

|

[ |

Fig. 1. Apparatus for the high temperature nitridation for
the alloy 909 in N, atmosphere.

Fig. 2. Cross section of the alloy 909 nitrided in N, atmo-
sphere at 1073K for 216ks. A: Surface of a speci-
men before nitridation, B: Subscale, C: External
scale.
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Fig. 4. Cross sections of the alloy 909 nitrided in N, atmosphere at 1173K for (a) 72ks, (b) 144 ks, (c) 216 ks and (d) 288 ks.
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Fig. 5. Cross sections of the alloy 909 nitrided in N, atmosphere at 1273K for (a) 72 ks, (b) 144 ks, (c) 216 ks and (d) 288 ks.
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Fig. 6. X-ray diffraction pattern of the subscale obtained from the alloy 909 nitrided at 1173K for 360 ks.
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Fig. 7. X-ray diffraction pattern of the external scale obtained from the alloy 909 nitrided at 1173K for 360 ks.
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Fig. 8. Concentration profiles of Fe, Co, Nb, Ti, N, Ni and
O across the alloy 909 nitrided at 1173K for 360 ks
in N, atmosphere.
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Fig. 9. Relations between log(%) and log(r) for external scale formation. A: scale thickness, f: nitridation time.
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Fig. 11. Effects of temperature on the thickness of external

scale on the alloy 909 nitrided in N, atmosphere.
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Fig. 10. Relations between log(#) and log(#) for subscale formation. 4: scale thickness, #: nitridation time.
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Fig. 12. Effects of temperature on the thickness of sub-

scale on the alloy 909 nitrided in N, atmosphere.
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Fig. 13. Arrhenius plots of parabolic rate constants, k, for
external (A) and sub (O) scales formation with
alloy 909 nitrided in N, atmosphere. T is absolute
temperature.
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Table 2. Apparent activation energies for the scale growth
obtained from the alloy 909 nitrided in N, atmo-
sphere.

Apparent activation energy (kd/mol)

External scale Subscale

123 158

Table 3. Diffusion coefficients of several relevant elements in y-iron.

TJemperature(K) Do(cm?/s) E(kJ/mol) Diffusion element
1273~ 1573 0.44 280 Fo 70
1337~ 1622 0.18 270 Fe 10
1373~ 1673 0.17 280 Co 10

7.77 265 Co '@

1223~ 1583 0.15 251 Ti 10

1433~ 1593 8.5 x 10° 377 Ti 10

1423~1573 0.83+0.69 266.5+1.8 Nb '

1210~ 1604 0.91 168 N 1O

1373 2.14 73.3 o
1306~ 1625

Table 4. Diffusion coefficients of several relevant elements in oxides.'?

Oxide Temperature(K) | Do(cm/s) E(kJ/mol) Diffusion element
Fe;0,4 1123 - 1348 1x10* 313 Fe
- 52 230 Fe
573 - 823 - 711 o)
Fe,0; 1223 - 1323 1.3x10° 419 Fe
1173 -1523 4%10° 469 Fe
1173 - 1523 204 326 (o}
(NiFe,0y) (1123 -1463) (52) (299) (Fe)
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