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ABSTRACT
The purpose of this work is to study the nitridation behavior of Fe-Al base ternary alloys

(containing Fe-28Al-2Mo and Fe-28Al-2Cr) over the temperature range 500 ~700 in a
H

2
/NH

3
/Ar gas mixture. The nitridation kinetics followed the parabolic rate law, and the nitridation

rates of the alloys were strongly dependent on ternary elements. Because the atomic radius of Mo
is higher than that of Cr, the Mo-content alloy has a larger lattice constant as Mo replaced the
substitional site of Fe atom, which resulted in increasing N solubility, thereby increasing
nitridation rates. The nitrides formed on Fe-Al base ternary alloys consisted of mostly Fe

4
N, Fe

3
N,

and minor AlN. There is no evidence to reveal the formation of Mo or Cr nitrides.
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Table 1. The nitridation rate constants and apperent

activation energies of pure Fe,Fe-Al binary

and ternary alloys in H
2
/NH

3
/Ar mixed gases.
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1. Fe Fe-Al 

(a)

500 (b) 550 (c) 600 (d) 650 (e) 700 . 

Fig. 1 Nitration kinetics of pure Fe, and Fe-Al base

alloys at (a) 500 (b) 550 (c) 600 (d) 650

(e) 700 .
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2. (logkp) (1/T) 

(Arrehenius polt)

Fig. 2 Temperture dependence of nitridation rates of

pure Fe, Fe-Al binary and ternary alloys.
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3. (a) Fe-28Al-2Mo 600 26 

(b) Fe-28Al-2Cr 600 53 

X 

Fig. 3 XRD spectra of the scale formed on Fe-Al

base ternary alloys nitrided at 600 (a) Fe-

28Al-2Mo for 26 hr, and (b) Fe-28Al-2Cr for

53 hr.
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4. (a) Fe-28Al-2Mo 500 71 

(b) Fe-28Al-2Cr 500 110

Fig. 4 Surface morphologies of Fe-Al base ternary

alloys nitrided at 500 (a) Fe-28Al-2Mo for

71 hr, and (b) Fe-28Al-2Cr for 110 hr.
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5. Fe-28Al-2Mo 500 33 (a)

X- (b) Fe (c)

Al (d) Mo (e) N

Fig. 5 (a) BEI micrograph of the scales formed on

Fe-28Al-2Mo for 33 hr at 500 , and

corresponding X-ray maps of (b) Fe, (c) Al,

(d) Mo, (e) N.
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6. Fe-28Al-2Cr 500 110 (a) 

X- (b) Fe (c) Al

(d) Cr (e) N

Fig. 6 (a) BEI micrograph the scales formed on Fe-

28Al-2Cr for 110 hr at 500 , and

corresponding X-ray maps of (b) Fe, (c) Al,

(d) Cr, (e) N.
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7. Fe-28Al-2Mo 600 30 (a)

X- (b) 

Fig. 7 (a) XRD spectra and (b) the surface

morphology of Fe-28Al-2Mo nitrided at 600

for 30 min.
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8. Fe-28Al-2Cr 600 30 (a)

X- (b) 

Fig. 8 (a) XRD spectra and (b) the surface

morphology of Fe-28Al-2Cr nitrided at 600

for 30 min.
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9. Fe-Al 

(a) Fe-28Al-2Mo 500 71 (b)

Fe-28Al-2Cr 600 53 

Fig. 9 Cross-sectional micrographs illustrating the

position of Pt-marker on (a) Fe-28Al-2Mo

nitrided at 500 for 71 hr, and (b) Fe-28Al-

2Cr nitrided at 600 53 hr
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