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The Effect of Zr and Nb Addition on Tensile Property of Fe;Al-based Intermetallic Alloys

Naoki MATSUMOTO, Yasuyuki KANENO and Takayuki TAKASUGI

Synopsis : Several kinds of Zr and/or Nb added Fe;Al based intermetallic alloys (i.e., Fe;Al-Zr, Fe;Al-Nb and Fe,Al-Zr-Nb) were arc-melted, homoge-

nized, hot-rolled and then annealed to evaluate microstructure and tensile property at room temperature as well as at a high temperature

(873K). After annealing above 1073K, the rolled alloys exhibited a recrystallized microstructure containing coarse Laves phase particles, ex-

cept for the Nb-added alloy with a minor content of Nb, which showed a single phase microstructure. For the as hot-rolled and recrystallized

specimens, relatively high tensile elongation as well as high tensile strength was observed at room temperature in the Zr-added alloys in com-

parison with those in the Nb-added alloys. Additionally, fracture mode of the Zr-added alloys exhibited intergranular fracture whereas that of

the Nb-added alloys showed transgranular cleavage fracture. The recrystallized specimens except for the Nb-added alloys with a minor

amount of Nb also showed relatively high tensile strength and elongation at high temperature (873K). These results suggest that tensile duc-

tility as well as strength of Fe,Al-based alloys can be improved by introduction of the Laves phase dispersions. The mechanism responsible

for the observed improved ductility (and strength) was discussed in association with the existence of coarse second phase particles.
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Fig. 1. Appearance of the as hot-rolled Fe-28AI1-0.5Nb—
0.1Zr alloy.
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Fig. 3. Variations of Vickers hardness of the specimens by
the thermomechanical process used in the present
study.

Fig. 2. SEM micrographs in the longitudinal sections of (a) Fe-28Al-1.5Nb and (b) Fe-28A1-0.5Zr after hot-rolling at 973K. RD
and ND indicate rolling and normal directions, respectively.
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Fig. 4. Secondary electron images (SEls) of specimens that were recrystallized at 1273K for 1 h after hot-rolling at 973K; (a)

Fe-28A1-0.5Nb, (b) Fe-28Al-1.5Nb, (c) Fe-28Al-0.5Nb—-0.1Zr, (d) Fe-28Al-0.5Zr,

(e) Fe-28Al-1.5Zr and (f)

Fe-28A1-0.5Zr-0.1Nb. RD and TD indicate rolling and transverse dlrcmons respectively.
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Fig. 5. Backscattered electron images (BEIs) of specimens that were recrystallized at 1273K for | h after hot-rolling at 973K; (a)

Fe-28Al-0.5Nb, (b) Fe-28Al-

1.5Nb, (c) Fe-28Al-0.5Nb-0.1Zr,

(d) Fe-28A1-0.5Zr, (e) Fe-28Al-1.5Zr and (f)

Fe—28Al1-0.5Zr—0.1Nb. RD and TD indicate rolling and transverse directions, respectively.
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Fig. 6. SEM micrographs for the (a and b) Fe-28Al-1.5Nb
and (c and d) Fe-28Al-0.5Zr that were recrystal-
lized at 1273K for 1 h after hot-rolling at 973K. (a
and c) Secondary electron images (SEIs) and (b
and d) backscattered electron images (BEIs).
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Fig. 7. X-ray diffraction profiles for the as-rolled (a)
Fe-28AI-1.5Nb and (b) Fe-28Al-1.5Zr alloys.
Also, simulated 26 peaks for Fe,Nb with Cl14
structure were drawn in the bottom of this figure.
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Fig. 8. TEM bright field images and selected diffraction
patterns (SADPs) taken from (a) particle-free ma-
trix with DO, structure and (b) a coarse particle
with C14 structure in Fe-28Al-1.5Nb annealed at
1073K for 1h, respectively. SADPs were taken by a
beam dlrectlon of (a) [110] and (b) [1123], respec-
tively.
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Fig. 9. TEM bright field images and selected diffraction
patterns (SADPs) taken from (a) particle-free ma-
trix with DO, structure and (b) a large particle with
C14 structure in Fe—28A1-0.5Zr annealed at 1073K
for 1h, respectively. SADPs are taken by a beam
direction of (a) [011] and (b) [2201], respectively.

Table 1. Average grain sizes (#m) and volume fraction of
second phase particles (%) for the specimens an-
nealed at 1073 for 1 h and 1273K for 1 h, respec-

tively.
Grain size (um) * Volume fraction of second
Alloys ' phase particles (%)
1073K 1273K 1073K 1273K

Fe-28AI-0.5Nb 101 213 0 0
Fe-28Al-1.5Nb 54 57 2.6 2.
Fe-28A1-0.5Nb-0.1Zr 50 73 0.3 0.3
Fe-28A1-0.5Zr 38 39 3.6 3.2
Fe-28Al-1.5Zr 21 29 14.0 12.0
Fe-28A1-0.5Zr-0.1Nb 34 48 3.5 35
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Fig. 10. Room temperature tensile properties of specimens

that were hot-rolled and annealed; (a) as-rolled,
(b) 1073K—-1h and (c) 1273K-1h. Tensile tests
were conducted at room temperature in vacuum.
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Fig. 11

. SEM fractographs of the specimens recrystallized
at 1273K for 1h; (a) Fe-28AIl-0.5Nb, (b)
Fe-28Al-1.5Nb, (¢) Fe-28Al-0.5Nb-0.1Zr, (d)
Fe-28A1-0.5Zr, (e) Fe-28Al-1.5Zr and (f)
Fe—-28A1-0.5Zr—0.1Nb. Observations were carried
out on the specimens tensile-tested at room tem-
perature in vacuum.
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Fig. 12. Room temperature tensile properties of specimens
that were annealed at 1273K for 1h; (a) Yield
strength (0.2% proof strength), (b) ultimate tensile
strength (UTS) and (c) elongation. Tensile tests
were conducted at room temperature in air and in
vacuum, respectively.
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13. High temperature tensile properties for the speci-
mens that were hot-rolled and subsequently re-
crystallized at 1073K. Tensile tests were conduct-

ed at 873K in vacuum.
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Fig. 14. SEM fractographs of the specimens that were hot-
rolled and subsequently recrystallized at 1073K
for 1h; (a) Fe-28Al-0.5Nb, (b) Fe-28A1-1.5Nb,
(c) Fe—28A1-0.5Nb-0.1Zr, (d) Fe-28Al-0.5Zr, (e)
Fe-28Al1-1.5Zr and (f) Fe-28Al-0.5Zr—0.1Nb.
Observations were carried out on the specimens
tensile-tested at 873K in vacuum.
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